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? s-Lj^JI ^ U 1-1 







Uj ^UilLi . jul» ius jlusi jjiJI JLJI dLj-J <JylfMi J*i jjjj jijJl (>^ 1^* 

LiuLfljul jj JJU* ;j_> j^*^ 1 LllS-l 1 J j^dj {j"-^' T'J/W H^l**] L ! T^^ 

, a^ jJ JL>h .iilj J_aj] ^UII oLiSJl j^ J Jjl>^ Lwi yliJij * i#JJl 

, ciUL^J^I »i* A*i ,«* ^j* J^pj r**y ^ J^J$ J ! »Jj-J#* 
tbij J^ LjLi' ^ IL,^I s&jz j^jJf (^-LUI vSja a |$j iLL« 0>w^^ 

_s ;< L^ji &**-*£ tL -*i*J' y£*j Jaj ^a*-i oVIi* yti£H 1^ »j*K ^i« ^ 
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{ ItlAJ) ) JjVl J-aill 




jy#±* 






. ijliVil 1^4^ ^tsii _^ IjUj c^Ljjj ij>x*| 

V tefij ^ ul oLui ^ tfin iij*ii i-, yfl du ^ ^ | ^j^Ji 

jl ^£1! jjii ^ . UliJJ j^ljll ^ j, j^i > ^ oU |^^| 
it® ^ 43^ [£ll jJ-Jl J^SJI JiL AJBU3 J oljUjj 1] , L*^j 3L*J( 

Jj» J^ ■ jiU?l j^WI ^ iW ?U* Jid <^LJl &>](, ^ i^j ^i 
W^ ;j*Lj QU j-^: JL^jj 4jji>JL Ukll oLfU-Sl *&$ f 1000 .U 
JJL> ^l* Jd f u^i ^j djjjl J>w j .^ jj , ^ ^ ^^ ^^1 

i^JI ulfcUIl ^ ^1*. qj i_*jm ^1 s-^l jUw^l > ^L |« 

J L -&Ji ^ 6 | -jfi LUi-Vi y^Lij . ijULdU iLL? L*Lji ^y f e f j^i 
. LjJI^L ff L ^iJi ^ pi J , ^ ^| ^ j ^y ^| ^. ^ ^, 
Cw UL^'l oli^Ji ol ;ii s ^ujJI ijlJ lwiL> U,ulJl T jj* ^LUI yii^i 
^^ Ci)±} . 4^ iiftdfl ij^ jl JjjJiJ lfc# ^j*. U jj>; L^siflj ^^ji 
j^i^ L^^- ^ ^ ^iULJJI ^ ajiLUl i^ i^tUlj 4j^^yi ^^ ^i^i 
*J\ J^ i f-kfi* j^i ^^ ^ jj [^^ XiJuij ( JjJLD L-L-Sl tuAi^ 

j*l^l ^* J^j o^ ^ ^ t ^Lj ^ L j pjy, ^] t |^j, ^ 

>^ ^h* j^j i ^jjill j^Jiy ^j^j i^LS! otJlUJI a^ . «LUlj ^yu 
. W* j^toj jiijfcji ^ jiu jip ^ isoA* Lp! US ( ^^i ^ ^u i*j4j 
. L^Lij ^j 4^ LJ ii— iill ^lyjl Jy.s ^ ^| ^jSriil^juKj 

^y I ^U uikUl jpiuli r iii^,| ^ ^UjmSI ^ n, . <^Lj gjj^, 

^ ^^ J* JWl J^lj ; - pJJl>J ^SfU. Jb ^lyj| ^JJ 
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( ^m ) j/ji jwi 



LjojI vL'JJlj iLf» uJi; LLuLllI LjJut t SjajS h^ jl> y ?l *L\j*JI i£fi>j$ 

Uyili^lj ^U3t«jJ!j LujobLJillj ijJ^'j Vj!r*^ LiLtdiiJlj Iijjl *LViiJli 

jtij Ijjjuh* UIjjJJ *iJvijj jiwil ^i*jJl j£Jj : *L)dl f)i jli** j-i *i^-M 
^aju dJJi'j LyiBJI L-JjJI ^^ JU j#JI fW llitf LiUJl Lk* ijtUI yfit 

li Jjjl jlji^) 1 3 jUhiil slLijSj J-aiil lid j- »^j Jh< iv-ijJI o'oul 1 ' yU> 



&L*Jlj U4JI : ^UJIj a*J! 1-2 




Lj-J-ljJ LjJu£ AtU-aJJ LUi Jji* JliA jj£^l ■j' 1 *^ >) ■ ^J* 6* JH^ 
. LuJL JJLiJI IJjJU l^ll <^>lj JJ 'aji*J <J' *Uj Lwli jJJj «J 



: 1-1 Ji-i 

j_t 5 — »Uf- m.j& iJUfll JjL J &*% 

BUen j|M e» |>*#fl> ^ J t ^ j^ jh 1 s^Ji > «W| o^l r ^ LiS, . S-fll ^*i 
ilii iii ^ ikhj]] jja qujj . 1 cm j[ oL*Wl si_* «—** , ;>*}Jl ji *jlj*ll i*j J jl v!)Ul jiiiji LuLji' ipLJl oU; 

jji^nfji jl LijjiiJl ,^1— >£JI JuJ J) J> "yjUidJl ,> J4JI jj^j ^> LjJ oliJi 
(Ujl Ljji. ^li U^jj . L wLiJl 3I4* vm^j fi*«sj^ itl^jji ^> Oi*Ju» . ii*J^I 

i-J jJLjI ti— ai (ijLu .^wu (jAg jLf> iisLj a* jl v'la; >U ^jLijI , 4*^-j 
^iJ^ L^lill 4_i*£]( IjJG *llJli U ^Li <-l^>Jj mil ^ Li*£j , ^LiJl *Lil |> 

. ijujl l»WI ^»j jl (if jt^JI »LjI i> i-yj jL*l (Jju tjji 
, i*rlJ 3I44JI ( vLv-j i^'jaJ* 1 *Lii (> ^-J ^iL*i ±- ja L ^U jLp. iiLi i> 
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( SjjJU ) J ft J^iJl- 



jjL*i" (mm) oIjLjjJIL l~>^i* d^L-^J L(i>JI LkLiJi jLs dJJ jl* »ty 
0,1 mm ^^S' s^SL^ i^i ^Ji* ^JJI ^ujjJl ^IJ i*jJU' UJw i +0.5 mm 
JL*.)'I icL ^Ji ^iJ is J . ( 1-1 JiiJf jjyi } ±0,05 mm jjU; va>JI U^l^> 
. ±0,5 s L»jJ UWf4 L^J (0.5 lO i^UJl Jmm U,J oljii ^ L^j -jjll 
, ±0.05 s hi*S\ IptLi 0.1 h LjjiS" ^1 li; ^sJI i*jjJI JUL*}' UUj 

^ jJU'J ji jj\ ^UJl ^J_i u! J| tfJ»J* J) I 1&!#J\ **&% ^' «* 



J^jjJl (JuLjUI Ji_i* J j^-ai ,*iii-j 
*-*jJj t>J^J Jj^ **HiJl Md j^ 




LjSl^tfj l**$JI oljUJ L+j^ *Ui*i .j± } . i£Lfia$l ilfcttfl J 4jj1j£uJI 
oLi L*» jliil ii-ij ^^ J^JIj ^jLr^ r| ^j J jj ^Ij^LS' i I*-* *-ttfl 
bL^ l^jjjgj ^i*j 6^Jj i I* 1 * L*i» ^Wl ^ ^ Ll l -i*>l iL^Su . Jj 

flj-+ 4i*L_J »pU1 jjjJl ^hju i^jji J t Hi* l>UJl *U* J_jJ= o±^ -^/ J* 

_4_ 






( ^JA4 ) Jj*l Jj*jl 



L*-jjj ^jJij aMJIj JjUf jj . jUuVl jj-i^^ i t>"lj*Jl *oi £ylA*H ^jLLaJ 1 - 

ejus yj L^JliiH u£ijj c JyJdl i^Sj ijiLJlj *jiJli J . L^u J«Uw _Jl d^ 1 

. WJl i^L^I jU.-Si 

. Lj_(Li] I«jaj_lLi L_jjl>jil cil.jj.turtij 

Lj.Lk.1 _jl_i>; jl <^uLUI l,"..~ ji.rt jail 1 Lj .Li jI _ll S_ijjLiJl {-jj ^_)^>J jjij 

: 1-1 JjJi i>^j , LwL"il iujuJI jU/JL L>Ull oijjiJl ^ j&uli ~4ih>* ji'Lij oU ; l i 

^ *JUI jj . ^LUI f LiJl Li . (ST) M &U*jU ^LJI >Lyi y> >. l^B 
4*»jj J^"*il «LEsuJl j_(u J 1)1 ^j li^L ) ,<jLL^I pU»ih ^fi ; sjLiiil oblUl 

. yl^^l .LtwJI m UjUll t>wu L%>i jLu^ L£ ^ . SI 

, ST cjlj_»yi alki J L^i \'juu 4ajJI i^,L^JI jljv'l'l 1- 1 JjjjfJI ^v 

^J I^L^l olj^yi om ^L-J'^ J3uj ^eJIj (jy^Vl ^^Ul oU5Jl U 
ili>Jl Ui+I >j . L,LiJl L^L-i Ifii jyj*jl Jw:i ij i &tfJ1 si ii>yi 

j'^jUt i^j^jj 11j . ( ijh^ ) ChjA'Ij ( ^-*^ ) Jj^fJl >^3 lj^j ii&UI 
*«J J_pj . Uuilj l^L^il RI i1i>^U LjjZ Sl»tf l^Ls 1* v baJJ jjUSl 

., 
oIjl>jJ I 4a^jI ^ Jj i>jJIj klil^>jJij ljLoJI 1-4 

i_jLm^JI Jjj^I (1) - ,jjy^_»L i^-jAafi- L*ilj Lflill c*li>JI wL> l >-^ 
mJI j^i ijf> al -i-J-MtlL jUif Ufij , taJlJl c«iJl oil*; ^jLvfc (2) i ^jj*Ji 
. Jj^i 'W^f* ^Lj*i J^ 'UjLu j^Jli tjiL/u La sjUl> j,' oll^yi jl lii-ljt 
^•i 2 hours (h) ^60 miles (mi) uJ ;,]i tiiij 



>JS 


[JljS 


j±fi 


in 


jjJl 


J# 


H 


^ jLUl 


4tafe 


s 


iojil 


^1 


K 


l^ffll 


i^jij iijj 


A 


Jg^l 


^J#J^ 


mol 


>J 


ul-VV+ll AS 


ed 


VjJiin 


JijiU^Ji JiiJ| 
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( i*JM ) JjS! j£i)\ 



60 mi 
2h 



= 3Umi/h 






Jij^ 12 meters per second im/s) J 3 kilograms (kg) u^j-i jli JliLj 

ST jiLjiiJI jj yJU JjJsJi ^'lju i SJuj . ju^JI dUjJ uL>j jijli* JiJj Uliihj 
.LLull ) ^iJlj < SI r O ) ^j.*. jLSJl pj^Uy s ^J*^ 1 f 1 ^ 1 j3 wjULy 
Jl »LL ■>. ^LJ ji j_£*j liib U^j Ji u, . iJjiifl ^L^ U^Lf ( yUi^JI 
I La , J-jj>jJt liiULu ^ji-Jl jjllj i, 5j — ■lAll Sjii&JI c/JbUl Jj.Viw.Li ji- 
, JUajL^I uiLJi Jij*ii ^5U : U* ^ J* J&Wi |«*.t^ll J^Ji -Jy^i} 



jJ_£ al^SvUw Jl j 



i\ »\ 4j '.Ljjj C'Ij—Vj illi 



, f l. 



LJLc „,LjJ. f lk>i Lw, 



»UJ ^j J-J^J! -^ tiki 111 aja Ji* d>ji> ^^j - JijJHjJl olLUl *±>uiJl 
, Uilj Sj^jJI JjLd ij^Jj-jU O^JLiiJl <jlJI (jl -ik>yj l_j^ j>| Jl U oIjj-j 
2.54 m jLp 1 ,00 inch fin) = 2.SH centimeters (cm) 3JjLUI ^J* LU-j Iji , }UiJ 

'.it 

iJOflin _ HS-tiw 
3 Wot ~ 2.51 fm~ 



: j— 4 ijjijil I <iuJ| <iuAiil SJfi'J* 
\ ■'■*■" -'''^ *r Ji . J ■■■^* una. 4j i J ■ -^ 




«_( _ ijj Jjwil JVjm Jlw&J \X&w ■ 1 ,00 in/2.5-1 cm = 1 ji »iu*j 

: 'JLIj 17,3 I'm SjJ ^«k ,\li liiii . ( ^jLtiJi ) Lulkj^Ji Jl 



( 17.3 cm) x a .oo in/2.54 cm} = 6-tfl in, 



( *JMA ) JjVl J«]l 









4^ Li'! ^te , 1/2.54 a 1 .£i ^ 5 lla J^l J*Ul Wjii-i :i *»*J 
V-^lj 1.00 iii/2,54 em t^Jl ji UyfitVj , jIj^I j^ ^A dj>jflj l -L> 
Ijjj jj£i L*plll ^li » ^ij 4 ( JjL / Jjb ) jl^i uj-V U^ilS 2.54 cm/254 cm 

: (m) jUil jl (ft) LjJ 20.0 Jy*jJ t lliii . Uxj IfJiUI 



Ui . LiA*j (m) jLliS'l lilu-j _Lwi L^£ _^aW lit) »j£JI &\i*\ jl i*^' 

: mk J! 60.0 miWi Uji U r Jg»d * JilL 
,.,. i . 1610m IOOX l>£a , 

1>jajJI cCiLipull 'Ij-^-lj I* U.lbu jJ ol**j]l ^jjj jl J! iJ^JLil I u*j Liij 
: jl _^JCD jl djin liLlJi' , iiiUjjiil oLLuJl ^i aU^ljJl *»l (> itfJSI j 1 ^ 

, cilj*_jll y*ii Lj-J iijij jl tJ^y iljL« Jl jS 1 JjJl*H .m^> 
Iaj J*, , IIjLJI i rj _Lj ji ju_*j ^jj5 j\ Li* Jt>J! i*JAj ^jji-w j-^ij 

yj JjJl Cj'.1»4 ^pJu J jj£i jl LiiJ Ij jJjLu ijii jj ijl Cilj>J jli j^Li' 

llfLfi *^U>^I 'IL>^I tfl IjfeJj c j»i &U d* ^LiJl aj^l J£ ^1 Ap- 
. ^IjJ J^S' L»jjj jJ LUaj iijj*!! ilijTll jiaJ L La* L> JUft jL 1 1 £*Ij3j 1 j 
3JL-+ J_so &L3 j_mj J j_*_j . l^yA\ fLijYL/ LJ^j UjmJi j. 1 ^ jj-J* 

jjl j^^lJ ^jhuJI *Ujl1 j* pJ>^Jl JAjJI iAaLJ ij\ Jjie ^v^; <u*+ LiljjJ 

Lui l^Ij; cub' QJ L* jL: ^jj J&yi* t ^_y** L-La^T tyj£3 *i jl jjS; i jlwVij 
yijjilli JiU ji^j j-% . Ij^I i-IWI Aiy JjJ*iJ d*4iswl i l+i 1 jl 3ij^»* 
,^ r ;,LJ ijlSl J-LJI f |jWl-l( Jl ; ^Jl JijJ^Jl flj*Uj j^% J^y L^ 
, ^Vl JiLJl J^ ^pll ^Vl Jt &y±i tS$ jjJI ^j ^1 i*M*Jt 
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Ls^LaJ* jL-Ot_l jljJ_>w L4JI j! jLjLLb 

. jjUi Ju;l ^ jj^jii o^di JI3 2 4.g x irv ft 



2 


3.1cm 


3 


4.36 m/i 


4 


5.003 rim] 


3 


Q.0087G kg 


3 


87 x HP kg 


4j|S 3 ji2 


4500 ft 



L^_; J?Lil>Vl .jlUI ^iJuJi .15j.Vl jas iiyu ^LL^Jl sl^*J j^ Jjj^l &* 

UJjij Lu ^b_£j Jif iiiA ^k IaaJI Jkv L**UJl olffil jl dUj . i^jJoJI ^ 

. Itis l^Mi jl ^i^jyju j^jjji j* iJ^ij ilijil ^iLlsUI t^kjLS (jlj jj> jh!3jl 3j^£ ,> 

. 4J&JI il* Jjv! j^ija^j LriJJ^^ jJ> jjlii t'jA Jlli- Jj^uJ tJwj 

jjy Jaii LjLu, 4j».j1aJ' JJaUj .j^j jl ^i^ U^L^l oL^i]) rj L jl ajj* a!* 

l j - ■ - ■«- Lvju Lliii <is iili l l.-Ji 1 1 

■UijaJIj i-j^dJI ,^iJutf ji o^juJ! sUj^l 

? uill jit ?_j**j L . 0.2 cm t 46,865 CTO c 3.7fi im Is. cAn> iLtj 






( i*ii# ) J } H\ >iJi 



3,7$ cm 
+46,855 cm 
+■ 0,2 cm 
SOSlScm ; ^ V-Wi *I^I 

. kii UlwOl til jJJ* iijM (0.2] ilLi iil_-£ll Jal $ ^Lii 0.1 cm 

, 50.8 cm j 0J f ^*^' *>l»^ 

, &Ul jktflfl Qn JS' 4tLuJ |J iA| jj _jJjuU | JjuJ j rJJvtf IjJt j[ iSj ^i 

ji t*J j6\ ^ 46.8555 &j& ji £&i Sy^l W u|* iL'tf . 3.76G Jj 3,755 
, 0,25 JJ Q.1G da LSiil ^J pJd iifliJI L_^l L' i <*£ jkJ jt 46.8fS4fi 

3.755 £**•>*' 3.765 ::£p**j^ 

+45.8545 +4&85S5 

+ 0.15 + 0.25 

50.7585 50.8705 

<ji &-u jj^iyJl Jlill ti* . U.l cm ^ ^Uj jj^I i^jlJi j'^ ji a>j 3 i j*j 

Lbl^Jf jl *UjV jj^u ^1 Jta ^i)^j; iili ,«-i_jj lilfiJI jji*il JjJl Z> 

* 51.85 cm i 28 cm : 31. iJ cm Lf)l i>y 4riL*i JU?i o^J jjjli? u* L 

r 

l«J! - (31.3 cm)(28 cm) (5U5 cm) - 45,441,34 em<! 

j)jjj_>j Ijj J ) Jsuii ^u^Juu JjjJjJ J?Ul> , j l l JjL*3 Jjt^Jl »'jj^l ji>lj ,j_iJj 

{ wjJI ) - -15,000 cm 3 = 4.5 >< 10* cm 3 
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( h& ) Jj^l ^) 



Olij , tsjti W>*i! f BjSl , w JUl S^ S^J k&i ^ u^i i^[ ^ 
< ?UUWI ^ Jl^L , jjftfli jU*5U ^yl J ^ ib^Ji ^ ji ^ 
; ^ ^ j^uil mil ^i ^ j^ 51855 . 28 fl ( 31 y. 

^ ^1 Ml e (31,35 cm) (28.5 cm) (51.855 cm) = 46,300 cm 3 

: itUl 4**ill jji^Ji ^| r i^u,U ^ j^J i^j ji^j ^ 
f**AJ tfcM «*jffl = (31.25 cm) ffl£ cm) (51.845 cm) -- 41,600 cm* 

o\ ^ &% . ^i di ^ ^ 6 [ ^ vj ^n ^j, ., oiJ oLUU| ^ 

^ . 1^3 45,000 eml ;,«jL f^-Jl o|i-jJ taj Vj ?A > 4-lj ^Ull ^ii 

; ^1 jSS ^ ^f ^ ^ Li l^uKIJ 

^LjO^fjlji^tL^iJI^jLw 1-6 



i/i* L*i% ijji* ^ ( ^ ^u ojf ^ ^ ) v ^uji ^ ^j j^ 
juai ^s< ^ ^ , LUUh, j^l:l ^ i^ Lj^Jl c^WI > J 
>j ^i ^m & ^u\ ^ ^ ,j ^ ^ jj^, ^ ^ ^ W| ^ 

l*-fi ^ ^ dLJ i ^ . V ^_LU l^ ^ ^ U Ujl£ aUl ^ &U 

. j-tl v> lJ 4 L :\ hm\ ; jL wi ■* auj ^l audi ^ ^i j^_ i 
. ( j . x Jis ) Ik^ jj4_^ sUjaji ^ ^LuDi ^j ^ j^j . a 

^- ^1 AlpBI ^^ ^| ^I^^IJSifl ^^_g 

J,>^; >. L^ ^i LJL^l ^l^f ^ ij^ ^i^j^ ^^^^ Ujj . 



1-3 j*^^j Jlii 
iJ F LJ , ( J^ } j_bJi ^ ^-Jlj^j ^j^L^JI ^k $10.00 jUi^f Ul iLi" 
^Ijd Lh5 Lj . Jkj JU $1.29 flj J j^, ^^L+Jf ^ JfcJ y.00 ^^| 
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( koi* ) JjVi >ai 



*_*J ^Ij^j ^^j-LjJl i> JL>II jA-»j ijJSJI UtkJI ^a U* 4j/_j^JI ^LAii 

:jj ^4_j L-;^ jjJI j-^U^I Ij-jlLI . j^AsLfJl iljii i* 1^4* J^uJI ^Lm 

: DjLaII jU J^^ ^Ui J£i f l j* lis J5 ij^j $10.00 jjU 
13.00 lb) ($1,29/11)) + fat lb)($3.99/lbj = $ 10.00 

(ilb) ($3.99/ lb) = $10,00 - $U,B7 

SitJI J«J* ^Ljj <jji . 21G km/h 1*jIj*j ^^ jUJl V* ji jl^ JjU- j^ 
s " tjJ j 150 .JoJ &jLJl ^JyLLJ j#J ^v 1 Ui ( 2.0Q km hUl\ & 5^*ljJI 

jIjljjj sjl*^I SjijJl J^Jpj. 1+^ jtjMJl otjjjjl ij* ^ ollwill ^j^>>J< ^jL^SJ! 
Jj-il . i yJLt *J >j^ ljjJi ^JSli jjJI jL*-I j-b v^i ' *J^ r| **j* 

y*j Uj lif Lijll» &*jilj ^r^ J ]j ** &i hji J^ 1 j-"^ 1 
ii-tLiiil old* 

J 
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( L,MA ) Jj^l J^iJl 









t>^Jj i iJL^L L^l^ 5U*« ^_yj Bj^JI l^iJJ ^jJi d ^KJI «Ul i£J 

ci = ffXn] 

: ^fd-v-iil . ^ ^L, y"U| J^ ^ ^| ^lj (j 5 ^^ .^ u ^ 
, ,.., . / 2.00 km \ 

_ d mint 
* ^ ~~ - ~X7T, — ... = 1.1G h 
y 21iiJHrt/h 

■ . kmAkm/h) = h Q,I ]jjLi\ j>ji ^ &^ 

frl*. ^ tfj UiSj . ^yj| * j^ , ^ U ^ ^ ^ U| ^ 6]i 
J J gjklffl y'ui W/ ^ tfjjL ^jlj Ltf i^s ^L, ^f ^L^l .LuiJI 

£** - ^ii~ ^Ui _^ yf ^ ^ ^^ ^ . f JjSj ^ ^ jLm 

J>Jf U** Jpo; ^ jJij^j L yU, <J j* U&il ^jgjl jj.Uij l^i 

. 4i** l«k> ^^ J! 



j>11 lis ^ 4.^1^41 oUjL^I 

ui wijlid ^J J! ULij L^Jl ^lUill v l_* ^u ^^ dltfj Lv^i Uj^II 

^J^ , » JjN ^ii ^^i^Jf JuiS'i ^^.j uuj h^i Lj.yi ^l a ^j& 

.ji^ .iiJiSj L^ <, Jklt ^U^L^JJ U^i: L^Uj ^.(^ ^ 2 l ^l ^p^^ 
-12- 



( Lja* ) JjVl J^ll 



ar + b - G ; UkiJl ibL-li - 1 

cut 2, + bx + e ■ : 4j*£jjJ I ibUli - 2 

n* + fry + e = fee + iy * m = . 

: jj Lfju JjIaIj ijj** L-^l ^Jy'l oiJ^jJi L*l 
y.ax + b ;JAS\^UI- 1 

)) = air 2 + 6s + c : ,j**<j*l v^^' - 2 

■ 

,, = : ...S.jl jijjyjl yjuAjuJI _ 4 

y-fogx je - 10* : 10^1 

j = to x j = e* (s yJ-Al ) uf"^ 1 

L_uili1 JljjJI £Ji \j^]j . 4jD iJ^l^j «jA-*iJJ ujWI ^ J"is^ ^ Ijjii' J*U» 

: • tj l.t...: iJ^ jjjl <jj,ljJ'l cjLLaJIj 
. fcaas i eoa* i sin A' . 1 

, uu>vl oy - 

, frLjjJl LJU^ (JUU _ 4 



i^UJIj ^>Jdl oLoSJI 1-7 



t jjLJ u>i^ ( Ijtill jbu ji«jj j 165 i ^j^* uj 1+J l^ ^j ' IfiS cm 

oUJ Jfc . JflU . ^y Si>j>j j^ L#J LuSJl oi "*Jl* J* ji ^>^j ■ 5< 4 ft 
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( iUoL ) j/fl J^ill 




w 



30 Ian 



[ 

J"i y*J (^ ^ UjJJi LL-si , oUUj^ Ijj jjil oL^ JUftj 
Jj-y i Uj V-bLjJL J, j*k ,^| ui fjLi ji ij;^ tf^ U r Jdfcj 
»L*ti y ^s- ^ #] tf^ji ^ y ^gi D ^-| 6li (Jl | ^ £g ^ 
ji Li'^% L^-aLnI j-jjj.aj ^j^ Lib" Ujj tf jJI J^jjj , j|jS1| jj liL*^ 
tnj Jj^ 1 »M ^ 40km/h «jj| ^ <,] J&i J^ ^ j^j , ^^ 
40 km/h Ujl^^ «^ lip ^>JU l^l U^Jl J t ^ t ^y| 
JU* JJ.ii J , wijjl jljJb ^ YLi U^JJ ij^ui ^U| ^ Clj .j^ 

: l_ 2 ju ■ iJJl J ^ ^ ^J ^ J! Ul >% iL *^ >^ M« 8j# ^U5 

^Ji— Li Ui* ^ ^sll rr _ J y» ti\# <^li jid ^LJI ^Ij 
i^E) . sLsa^l jU ^ ^j>l ^ ^ *i yj 4^ili jIjL ^ ty uJ&i 
u > *-*'j! ^ i £jL_JI 31 j^ JiL . L^: 30 km *»££ j3 i,t^ J ^ 

^T f*-* ^ f j}' sit J^ 3 ^ liij *j ■ jj^Ji A< i Cfcf il*Jtj ( 30 km 
30 km jj, Ul#l jlii J^; ol^j i5U Cjt p^JI II* . 1-2 JiiJL L£ 

. b-l$l cbj^l *J> J ^jj| JI ^j 

ol^pJll^ 1-8 



^»* y^ll LuDl OjiJ o^Li; iHi JI O^-Li: oUs! jie 4il U Ji" JUj 
^ ^j| 6i^y uiVi J>*^4 li-rlxli c^UiSJl *jj»- *Jl£ jb Jli» li* , oUUl 
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fl 



, Lui ^Li|j_>yl j-- '"' I *j I ,ji "ijV-II jl jjj-ij ILi i L-j—jjIjii f- 1— l^j 4]jLlL> 

oL^Jl £»i ji c 60 cm 3 Jk >■*:., 41 j* 20 cm a Jl ;lll ^ 4(1 cm* iiULj 

, Ljji 1*4* m**' "*i' "* 'UujLIII 

, ol»ljl! J.I>JLjIj 

. fi Jl j4 > j*ij h^ si^Jl _ji ULJU B jl 

jjj.! o-l'l *^ jw^Jl j 1 — *j JO km !*jj i>ljL> *Jj Ljiii ^jm L wu*jJ 
4j4jil jLmJ jj wJUlj . 1-3 JSiJl r^w j* U5 Jk£/I oL*J 10km UsjJ 
ilUlj . b-i^l sii . C J A iM i>[j)'l til t WS*Jrfl ^ 6* Wl ^ 

jj: ^Jlis; L_±L»Jl jlj 4*1) ^j (? Jl A j* iLajJl 4>t$l £1 ?Jiyi j* 
30 km + 10 km = 40 km ^ U^ljiu jl Uf t jjjjL>^ i^'j)' 1 i> iJ 1 *W«1 
L>lj^l jIjJj jl lijj^Ui^ 4^ *li>i^lj a*i jl Uu&4 J!j j+ "^J ■ j^IjJ'j 



ink] 

! ►. 



30 km 



R jIjL = J(lOkm) 2 I (30 km)" =J(1000 km) 2 - 3U km 

r 

L^Lu>iJI iwjjb j_e Liu '_i;i'ii>^ ■_* i"'^ : oLj fjjl u> jl LI jjj-j Jdii lis 

. <^Ll r i 

jLx/J ^ j-LJI JJ->li . SiLl— 4j ^LuJl ^uii J n'mll <U^lll oU> s J ^ji L ljj*3 

: i_3 Jii aa km UmnjH 4_»^l jl j^Jttl Uii«j Ij£*j ; fl- 18* jl j^ jb&il ^_JI 

jJL^u« L^j! ik* ^ij JLh jjAL^jI ^.j , W Lj.l)> jjJl jUi tUJI J 

>y 10 kin ^ j>i]l *liJI u* 80 Lid ■ 

j., m l . L^OllI oUASI j_tjU Ui_i jJLi jilJ j' V4*i iiiUJl ji jljJsUll Jij 

D >_JI Ujl>1 LUlj t JUiJ( jl LiL^lj 40 m Ujij^ i_>ij| I^J ji ^_^J 

^^ i*h>U ^ y Jj^ Lis jljili gj ^LLu Li' I3U t X>\$\ ^ J^il 

sUjI LJJii lil Ul iiL*Jl aii i /) - 40 m ■-& Ll i<l i jjUJI D J^j 

L><j^ j_t_y jLf Uji>J< ix-* rvJjJ UJlJ UjIjaj Jj ita)'b jUl£^l ^i (UljVl 

^ v "<; L3UJI ojj ^J iJU }*jll V^ ^ i *&y^ ) D : JjZjJI J^JL 
ijLi i oLj-aoli jy>j JLui—l ^pi j^Jl ^^ ji jjl ,lUs . ( D jl D jj*)! 
d^ jij LfAi* 1^*5 JJiw «Ji ,j-^i iju* jLJ j^lJI j^ 1 - bjii* >jJI jli 



-IS 



( itjh ) Jji\ JjuJt 



oL^JaU^UI^I 1-9 




IP ji^\ J-^L LJ!^ 0UI3I l^i <LoJt o-!$l jL*J L^b CJ^ 
Ijj Ch C*M*lj! SJI> ^J 1-3 JiiJL ^ ri*j i o^U* rj ^ ^ji^L 

tjjjjilg ^jJI ^yt, ^ ^^^jLil. v-j ^ ^^£u ~&jhl\ aij ijiJi>^ . (i^lll 

. ^lai <*aii ^ij ji JjS 1 i i*gdi jjj ;> ^ ijui ^i jja ^ iu**ii 

: 1-4 JU + km l^iJj TfUi 6 km i Ij4 14km * C^ 16 km t SjJS 10 km : ^i 
ijlL, qui j] ^iJ ^IjJ pfj j,Ul iib^JL LJU! ^LJjjAJ jjjull oLf^il ^ji iL^JI jUtf . (Jrf 

^ ^i&jj ^jji ^ll .L>ij Uiuij ijs^ji ttiicuiijij . ^yi ija i^s d*3 

b S$* jj 1+>L?JI Jj 2JJ km j_» R *Laj«Ji Ufj^l jij** jt o*Jm jUj^^'! 

10 km ^ Uj-i 4 km ^ L^> ltikm ^W 1-4 JUl ^i *UI#I u^jj 
^Ui*J ^1 IUkJI i>iy)[l J ji>jj Bjj 14 km ij^-lj %& gkm J IJj^ 

•l^ll ^ 5 km i^LJJIj JUUI j^l 45- «L>3l ^ 10 km JjS'l j^l ^ 




■U^V I V| "I 



yJ-iitl ^ij JI JjSJ CfiH Jjj <> j^ jili 4Xili ^ iL»J\ ^^ Jioit* 



10 km 4— IjL 4kj] d|u) yjfl pg 
j^Lt *J*j ^ ^^ jUiS iliWI jji 



30 
120 



10 

yo 



25 
30 



141 ->4JJJJ Jlj^ 

LjL L^l oUl'^'l a*>I 
(cm) I>lj)'l 



L^kUl 



1-6 JiiJLf j^ju jj L^ jj^Jl dL>J^ i^ijL Lljjjt j,Iaj 

. <JyjLJi aif,) 6jI* jj'ij 



-Ifi- 



( 4jju ) Jj^ll JtfiH 



m 



\ 



^ J>-* , ( 1-7 Jiill—. .ik-j ±jjuu »y2 J eO ctiLJi L^AkLx, JUij 

, 0, 82' t H = 40 cm $1 jji* oLl^i 



EM 



,1^11 a^Ul cjLSjII 1-10 






.^^Uljjf^fjjj^l 




.1^5 



. A &J5 JUJl 20 km juu ^ «U C iLtl Jl A &ull ,> J^ UiJ ji ^jW 
^ . 1-8 Jiill J € Jt A ^ JJi" f+-ll j» ta^l fci* ji- ja **jH ffJI 
frj i>ljL, 'y mJS ji jA-m i ARC jU! ?L;L C JJ A ii JU^^l £ui o^ ( 
&1 j._j o^ILJl J i^lj tyt^l oojuJI , C JJ ^ ,> j>i I*ljL |J iJ J] A 
B(J j AJQ £M-*lllj C Jl 4 > !*1$ dlajS-i 6^ ^J • C-JI-A u* J*E 

oLilill w-il—i^ iJ* fjJ0L*J JLj5 "ty ilJajJ jl y-^ I^J ■ »J-*Lnill LfJljSjJ 




: 1-Rjs-i 




d^j^i Afi^ Jkjfl 4-) 
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( L& ) J^l J«JI 



sin e - ^ 

rasfl-- 
r 

tautt-J 



/ 



80V 



got ^j^j , $ dUj jjuj j d_jki i* ^^i jm\ j^uji j^ ^ 

; Jt US «$Sll ^Ji ,i* Jjyc &i * 1-G jliJL ^l ty-j\ piLi ilili 

J;Uli *LiJi 



sin 8 = 






#1 
cos fl =— : - . _ & 



(1-1) 



tan H = 



JjBII AJLaJI 
z a 



P-=sin37 a 
&- = cos 37 fl 



t, =(20 cm) (0.80) =16 cm 
Cj * (20 cm) (0.60) = 12 cm 



./"' 



J> 



M, 



crHcm ^ 



/' 






^ 






L££11 Jljjjl Ji>1 . Lijjli JW Jljil il( L^LJI n/fii ^ ^ ijj, 
^iUi ^ jL^s c^ -ljI (1-1) fi/fcUl <>-« H* <&j < 3*Jij 9 **J 

a = csini? A = rcos t* 

■ **** \$$? ^1 **jW< ai* J*^ j^ll JjU^ 

, * jj_*JI *. 37* Uji l^h ^j 20 cm j ; LiL, Utjj i*i* 1-10 JiiJI Jl*, 
juirt :Ui^ iwj IjIj , JuiJU ^1 ^ ^ v , x ^l^fl $1 r in a., ) 
C^tll $ Jpl ^£j ^ Li it, , ( JUJJI rf*5| y j <^jt a [#\ J^ , J 
L^jfaL, jL^jJ ^,1 ^_dJ| (; , j c * teJjSjJ] ^il^rtl fj»*Ji ^LSj c J^l 

: *Ull| *_u3*4 i-Lt»Jl .Jj^U JjiiiSrfb 

C = c cos 37' = (20^0.80) - 16 cm 
t^-csffl3f = (2(kmX0.6Q)-I2cm 



jjtfjll ^ ^l£- x Jr jl ^ 37" U,J Ljlj ^ jjji 20 cm 3*[j)l i ji 
ylLJl qL^I J % = 12 cm j 1 j«JJ ^yi ,^j ^ Cr = 16 cm ^j^Uill 

: 1-1(1 JUl ^ 'JP L b ^ L ^ 1 -W^ <-»i ji Jl^-v^ lfiU*0Ul ^j£^ ^.jkJl tin 

Ljiri . ^U ou* Zplt ^ i^, JS a »^ji -j j^i . i_ii jul fcjjll 

jli JUL, . r v j^JJ JUl oVUl ji LSjll J ^ Ij+j & = -15 mm ^ 

«L»JI gl si' - J j^ 1 ^^jl 1 »Urtl ^ ^ Ljyi ul ^ Cv = 30 mm 

, LjjaJI LujL iiiL Lf^ ijU^ Jsuy c»Jll idjj 

-IB- 



( 4jju ) JjjVl JjaJ* 



30 nun , 



t = 12,7 mm 
t,- 27 J mm 



T ll iiiiii 



S 



t r =0iQm 

c, - 3(1 imu 



: 1-11 jLi 

<%yi sit j> Jiy^j* j jfcj 

. Jul* JJ*J* J* 



,111 mmY- ™* 



c r = -l3mm 
tj = !!fr null 



Iffl" — 



39 ma 

fa -III..1 mm 
t,,- -IK J mm 



30 imu 




oL^ ^^11-11 



, ^iL»rij)l *_*> Ji* Jf^l i> Ltj^-' aj^U^ii oUTjll jUvj 4Lij -ij^ % i Vl 
, 1-11 J£i& il^II oWj% ajj^j ::uim* *L* -I* !>y> j' 5& ijtfjijJ 
, ( jjjjl } jc ja*U v^>U ^>J vJL 65.0° Ljl j 3(1.0 mm 

90.0" ^ 30,0 mm 
120.0° JjjIjj 30,0 mm 

2t!0.0 n "^Ijj 30,0 mm 

, 1 ti J£iJlj 7-J W t* IftS bljVll ylli iiii* 

oUj-i! I _iL i_ii ilii-ivL LuL ILu-xJI 1*[Vj] .sL^y] ^JJU jji-ii 1 ^ 

. <JWI OJA .j-i UUj iiAyi rJ-JW 4JL* Jail iij {£}» ; 1 — 12 JivilL J4J4I 

, 1-11 jiiiL_j i^ iwjji iw« ^C^ y - ■ ^ " ^ ™ J 



1-12 Jii 



il_l Li 1-H jLlIl jj ;'-■ ■■"■ ii_ >l 

J^i 56.4 ram U ji Wj JWH S 



^ -12.7 i ft + H5.0) + {-10.3) mm 
= 12,7 + 0-15.0- 10.3- -12.6 nun 

: 2jJi\ ol+^JJ y olaSjll ^ R? ILwJJ j/ Itfjll jLm] ^ Jil^j 

fy = 27.2n 30,0 + 2M- 28.2 -55.0 mm 

dL^I ^J ^fj dlUj ^JL R, J ^ . ii^JJ ;,Lu*Wi c^II Li <jbb» 
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( L}&i ) Jp\ JrfiJI 



. OulUi sjjLj ^J 111 ft*} ; | Jjj.il 

jjj ^ LU*JI ${ JJj . j&JiitiOll L+^Sjjjj E *La*JI 1-13 J&JI Jiii 
•fiihljL^ . R- -Bfi.0 mm j Rr = -I2.fi mm l+i jljiv^l ?UU Hyljil aSLj iJjy 



I 



I „ = 55.0 mi 



t. 



H r --I2,6mm 

: 1-13 JW 



J? = V(55.0mm) 2 +■ (12,6 mm) 2 = V3184nim 2 - 5(3.4 mm 

ji 1*1 , 1-13 J&J> 









ljjSjj JkJ! jjji** ^wj ^ijjJI bjj* . 4.37 UJI? ,Ji ^jljJI jl^j ^1 Lyi* 
3_fjiJI ijwiaJI UH\ ji Lulili JjijiJl JLma^Ij , tan" 1 ji hvtan j^JI ^ic 

■ 

$ = tan- 1 (1.37) = 77.tr 

Uo^w 1- 13 j 1 lM ,jjJ£i\Ji j^i L^Uxj »5I2jJ| tjfi Ovj? jj jfUJI JJii^i lis 

I-ti J^JLJJJ JLld 
. 1-14 JJLiJl ,> i »j^l llJl oUlV^I ujbl 

Lllitj jjj*. Jjjl> Sj^i ^ 1 14 JS-JX US' UJi ULi> ^l cjIjLjJI ^1 ^il 1 

. R, j R* jL^i 

abed 



H. 



+1.00 






+3.00 



-4.uo 

+3,U(J 



-3.60 
-4.8U 
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{ i»jM ) jjiii jj*ji 



;■■: 



{S.OO ffl.i (.siii 37.0") 3(10 m 



V 



.. 100 in 

I I 11 



(5.flflml'(cus37,ff')B4.flOni 



(*■] 





'" 


1. 

, 1, 


\i.fflm 


3 Win 


37# TS^ 


i h u 


l j 


► 


5.1.H" \/ 


MKImi 


Am a 









t 



1 -. > 

i.aini t. ijir"-^--- 



/-Ki 






■Ml) in 



iiH'kiiii i i(i^ < iiir,i = iMMOiti 




(MX) m) (sin 53,0*] =4,30 ffl 



ft.ULIm 






K x - 1.00 + - 400 - 3,60 = 1,00 - 7,60 = -fi,60 m 
K, = + 3J00 + 3.00 - 4JK) = +130 ra 

ji j-*y w Jl j^j . j 1-14 JiLiiL Li H wj J j^juijJl jJU »j>3mJ j'jlj 

J? = VjSfcf + JMni) 2 = 6.71 m 

, j L-14 J^J) > JJii" 

1.20 

tan ^-—'0.182 

tuft 

J 1-14 JiiJl ^ 4Jfj # = M* J* J^ 4Lj 



6.0ft m <u**ll 



f) = 180° - 10 s - 17? 
ij u 1-14 JiAlU 5,00 m 4_»j*U jiUj^l f>**Jl Li : jjj*j 
, 193* Syfjj 7,81 m : LL*}! . r > 1-14 JSiJL 



flfSulfrjJj 



1-12 



4 Uji Ul)j rJw ibLi L>j_c olij_L> 4 JjU tiro* J t ( t£*)Ull 4_ijL^jJJ 
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( "u*, > jja\ j^i 



: 1-15 Jfcl 

Jj-iJl *L_jj( ^^ ]0 UjJ j ^ 



^ Ul)j p# 4a 111 J>B . I Jii, _ ^ w M Util ^ ^ 

A-H = A + f-BJ 

10 



10 







C^lf-yfUjj 



■ f 1-16 JiUl ji A t^ll ^ B ooll _>| 



A,- 8.70 m A, -5,00 



rn 



R-A+(-B} = A -B. i*» , K ^j j» VJ iuij 
*» "" A? ~ fy = 5.00 m - (] in = 5.(X) m 



* = v^Tj? - V0470"^FTT5,OO^p = 15.5 



4ju« 



lit 



5,00 

3470 



-0.340 &=tan-i(0^0j 



L Lfo U*)'i ^ law J, , *', 18,8" : ,[ j^j ^ 
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( 1,6, ) Jji\ jjiJl 
-= ■ 



jjrfi jiiil 



. olj>j Olj L.& Jliii ^fcew j^L|j uj 1 -** Llrf j> i+JtiJI Ovj>^sll iiuiil w»jll »tk*|- 8 

. i^yi iiijJsJU Lklj'il oL^ ^ ja* iLiiui j'l^J . 4 

, y j .v *m£ji Lmj%i4j i^lt Ijtjljj j>JJu Jl^J . G 
ilx^JJ SAC ,mJv! 4jjLuI iibJsJ! JikLJ - t 



: JUwU ^jLijj oIL^ju 

u^ jj^ji b jj La. , ^uji jLh- ^^ tH ,^ %&* '<*& ^> 11 ^^ y ti) ■ ti^f "W 

. B»llif I jL^jJl ^Jalrtj ^UJl jiL-il £i ,*J jiLtl Jriw is jyl^l j^jJ itlfiJi a* 

, luZ Jl tlLi-'jl yj-ij ^ut>J( 4j#I| y y-liJl tJ> 4j3 J*W Jj)l Jill jfi L JjiJI *lj 

: ^l^JI iij^jj j«JI 

^^ jLJlj ijijjJ^ iA* ; jj ^)Jlj iLtiJIj JJsJl : ^j ^^ "^ *^^' ^^ i^ij* W- '■> ^'j : ,i ^ il 
, h^L,H\ Jkfi\ [> oLuij^ : IfiBUI o^ J^l *^^l ^^1 J5 ■ ^^ *^'j *W ^ 

fl±>aJI JjJJ . j-L.1 Aju Ji L -bJ ^ 4*j« lubjJ 4ji$ j jIA j* ^'# '^^ 6A>jJI ■ l^^JI *A>j 

o!j->)Ji LUw . Uiill "^iL;}Jjl UibJI J^/3 ^ i^uil V jL!i ' 1 tsAu-jU MM ^v" 1 " W aii11 

JlkjjjJI ,iWlj SI oii*jJf L1L La LJ1> jLAiii 1 

. iLi, Bjyjil! *lijTl j* Ljh*»h )l ijli* V*i' ^ *4}>d\ fay 
-23- 



( Lj£* ) Jjlfl J-fliJi 



jj-ujaJI y *tU *ja»J< Jil ^L^J tyU J*j*^ i^*i js <*i3JJI JWf* ^ L-Lia *[*£ r> jl £•* Jlft- 1 

. y^* LlUJ ^^AJ 1 ' > i*JI lis ^j I+J5 fSjYj &j£ ^*j ■ jj^ 1 J' 

^Jj ^uJJL ^I+*JJS oLa^I iLLjSJ jli*J jy*j j*\ - % 

, t\ui\ jpj v»J^ ^ui o^j lLi * J| sl * 31 u ' c y - sKhjJI j [Ji < ^ ' r^ 1 ^^ ^ ] £? '• r^ 1 



fl -Ian" 1 77- 



: ^1L> 
^; l<L ^U*iLl ^*> lli* ^M ji*j - 1 

i«u» riiui s^yi ^^ si^ji iii* rJ ^ ^^^ ^ MB« ^' ^ % j a l^^' JU ^ id - 3 
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( i*Ji* } Jjifl >iJI 



'LiuJJj tJuwl 



': --Lj iliilji J iiJ-J ji* *yl t : -!" **• ^— ^ LtjLw*-- J I iL^JI L-I^il i ^ L ^ 1 

( j tijUiii L^jLijj ^£ r_jiLJ jji dilw IjU , Ijia jjL m ^ijijAij- f ■ jjjj - 3 
v Ijia (o) i A I B ( I ) LtfSii^j j'jii ijlS lj[ B j A (jjj iftWI ^ L . HiA iill»t$l cuu* . 4 

oi+>Jjl sis <La>j joS «jI Jl "LrJJ *#JI > Jilu 4^j*j i*-ij 200000 bulojw i^jj J yaivi JS Jl* . 7 
(y) ? ^JL) <lj*juJU £ ySjll ( i ) ^Li IJJ 9 yjKJI hJj ^1 ;>ijj tiiji i£\ _i . ay jjS^Lil ^i A ^11 nL . 8 

( ■ X>U ujaj J\jw ) U i> j] <oajj ^j!> <uaw] : yuwJI i> HiU^Uj i* J J Jl J^oj Ji 4^Lp V jUmI! JjLII y4JJ 
^lij . luL, Lj-1*- ^j^j Jr*^' JjLJI ,144a- i LuLu Jaj ?i_j} JjJI So*J JjLJI , ( iJjMJj+j »U*t ) j Uj*^aJI ^Li* 

-fj jji Jf yAlj *J Li S jtA*-' V^l^ ; ^-N^ ^u^JIj lub 'Jjj F l 

60 mi/li ( i ) ; ^iLi'l k ijJ jL : iI JMiJl Ji-lj aj^l Jjiajil ^Vjh *ljii-L cjIi>jU Ij^II d^**^! j*|. 1 

. m/min Jl 40 kni/h (j) . ft Jl 1500 m ( j ) ( m Jl 440 yd (.*) t s Jl 1 yr (y) t m/s J[ 
80 km/h ( I ') : i^ ii+J .y\Ji\ J^UJl _U-ij sj^^Ii J^^Ji oV** r ijij«U oij^^U ^1 ^j>jji j*[ . 2 
in J| 1SO0 km p) . krn/li J] 8 nils ( j; ) f ft J] 2600 m (_^.) . a Jl 220 days («) i ft/s JJ 

i 61i.Skm ( i ) jJjOI ^j^I r l^i-L iDjj o^iJl i^sUt jLj ^k j^Ij ^ Lfca^ jLu^L, S^l Jl^l u^i'l . 3 

. 3,002 x 10 ;s cm p) . (fim) \jUj&* 1^.^ ( j ) ■ (m) Ijli^b 33,3 p) i 0,00226 mm (y) 
• jJjiII CMJJJJ^ LiAWLrfjj I^SaII LiIUH j 1 -^ jJLc ju^-lj »i_jJ Lkijjo (gj cjuIjaJL; lo^ 1 J 1 ^' v^' 1 - 4 

i 74,800 mg (U) : Cpg) U^^Lm 231 ( j ) j 32,55 ag p) i 0.0669 jig (y) t 740 kg ( J } 

. (Gg) f \j* I** 0.41 ( j ) 
: 2 i 1 i^jUl ^i ^jJ^UI iyjif^ oU^Ji ytflj Lj'Sl LjU*11 ^jUW j*j - ^5 
, (732 x 10 _a ) x (9.82 x 10 ft ) -M 0,545x10 *) 



{ i*& ) JjVl frH\ 



, (7.88 x 10*) x (20.01) f (84] x 10 aj ) 
i 0,000927 g £_*) . 20.030 mi (u) t 3.649 cm ( 1 ) ■ ^1 ol^l &» JS yj «g#JI f Lf^l u* /Jl. 7 

.3400 5 (J) s i*UJl5(j) 
3.000 x 1(H km (y) . 14.67 mm ( I ) : S^ftl oLuSJI ^ J£ J ^i *IS^I ja* j531 . 8 
, 3.77 x $-« kg ( j ) i (rad) y»* JjJ Ijlj ^2 (_*) : 1100 b < j > i uL 0.001 (_*) 
. i*jUl .LijSl ^ *^JI jj*Lj jJjJI ^jl'L JlU-! l_£I , (3,44 X W) X (34,9 X 10 s ) f (0.05899) «~>l - » 
. LjmJI pfijV ^ ^mJI j^J'jj ^*Wl ^jjjJL Lb.^1 ^j , (0.44 X 10"") X (34.49 x 10 3 ) t (0.009) w«*L l[) 
. L^Jl ^LilLj ^JaJI ^L ob^l ^j , 120 in + 39.6 in I 13,5(5 in - 21 in u**>'- U 
. i*^Ji ibL*njj ^JjJ I ^jjiL oL>}i ^j , 13.37 x 10* m - 0.0933 m + 64 m y«*! . 12 
i (9.1 x lO-'H) x (14,7 x P)f (33.1 x lfl-3) ( i ) : > Js' <*j *%/_ 13 ■ 
(87.66 x 10" 5 )^ ( j ) i (3 x 10 fl )* r (1.6 x 10"") (.*) i (13,6 x 1Q-»F (y) 
. (20.3 x 10*) x (3,15 x 1Q-" 5 )' 1 * (0.844 x 10 lfl ) [v) ( (0,088 x 10 q» ( I ) :>J J5 L£ ^,1. 14 ■ 

.(BlXlM»<j) , (27xlfl»j»w 

1_9 Jj 1_7 £4 iUl^) 

^ u , v*j*ji ji °'^ *-^j jj-^ 1 j[ ^^ &-* j-^" y' "^ r*^ &** ^j^ J* - J! ^ ;> ^^ - ^ r> 

(i_j) ■ <1>jN &J* J I*}** 1 ,y- !| ( <yl)J*j j'-^ 1 ) ii^xJ 1 >iJi>lj! 
(V) , lij^i 30 km A H\*i 13.5 m *U UjJ iL-*Jl **f$l J*jj - 16 
jj_L> 60 J ljj*J1 jLi 4fi 8 Ljljj 40 J Luj* i_jk> 125 ^1 . ojjjiJi dj^JJI jJ* j* u|l » Jjjj jJd) -Ua^jj- - 17 

J lilfcjlj IjIjL 5jaAJLI LlJJL jJdJi jJ^j U , * jjJl j^L* 30* Ii-jIjj iijk> 30 l^il •! L^i 
Ijjj «ii-u ,_y i jJLbj . ; : jb jjii' iijol ujJL uj*JI jUi 40" dL>JI i 220 km .uy J^ J.y.-,^.ja iL^ ,*Jj _ lb 

'^jitw jl L^u^j jjl **Lil l.o ( i&JJt liA i?Lf 1 JI »!iJu>j jit . 30 km i*j jjjj du» *l!Ll jL»jjj J_ia..iSii> ,> 

Jl \p d ^ Jj^yjj , jjjjl v>^* 47" jLjjI ^j 17W km S^lkll ^ :i ^j^j ^Uo jj ^ jL y> JmjII - 1 3 
^j 3 ;LUl Ujjk; ji ^j jill iiLJl U , 20fi0 km iiL* L.U ^ji*]) sU:^! J JjilkJi jJj J u^ ^Lp 

(m) * libii Jl ^J ^iL jj J<aJ &LmI j l 
J_*aJI _y_5' , L*!$l «4J y j jc i^j-jj^jIi i^jl , 57"" UjJ L;jI)j *7 ^ v-il ^ 25 cm 'jjjjS o-IjJ oJj> . 20 

. ^4U U j 122* jjjyl^ 
jjj-J , 33 cm jj,y oL>J"Jl ^J L^i^j ®> ^tj^ll ^UJ J*Tft 5i&^ SS cm i« ^k f iiii ! l ^-21 

, L^^IS U*j>ji . iJUl &X}-\ jIIjUJ ^JLia . $JH ILaJ **JL ^ o-ijl tUJ 1 ^Jij P *J^ % *£$ 
Lijl;^ 25 cm j 6 = 15 n I^i^ 70 cm ■ ^ US J^JI Uw 6* t5jlj ry J)^l ^ ^-* Jj*-" ^' jijiil - 22 

.■mJI'I^ ^i> ^i Ifclj'Jilj <iUll j^-jl . 220 u 
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( 4*iL ) Jp ^ 



JI i_Lej ^_i> A 43_£jj I^jI j iJL* oj*;I p ( Sp 4.55 km l*,i *iU <wklj A IkJi ^ di*lj J *^j - 24 

¥ l+ukd ^ uUl l*i Uj *. A 

, iiaiil V L> f U*U* 17 *jUl > . 26 

, &m\ uU iliftdUf IS tfLil >. 26 

, oli&l! V U> fljJjJ* 19 iLli >. 27 

>£jJI JI JUI j(5ji j>l £■ ^jKUl &JI J> a*J . 4,75 m x 5.50 m L^j jLJj 2.35 m lf*u gftijj u>. 2fl ■■ 

^>jli iL*rfl J iL*>J1 jgjb ^>j A J| B <*i* m> bjjf lij , & = 225° uLklj 40 m JjIjL A c*i> _ 29 ■ 

cjI*;Ij aa tm >jIjw B oLfj * <^ 42" ul**lj 49 ™ ^ A jtf liis . xy tfjiil y B j A &U*I$I ^3 . 30 

fA-BjA + B^i^i iuSLi ; 0= LIS* j 

C, j C T - +2,25 cm j Cx = -3.70 cm ^ IpL^ C Ulji ^ J-*; A i»^lj B uJflfl ^ ju* . 31 « 
^>ji i Vii B jIjji i_tt ^jL-u A jIjaj jSJj aLfJ^I ^ ^ B j A i^lj^l u' ^ ( ty ■ ■ +4 $> cm 

. A oljSj* 

„ 

ouJJL G5 U Uyi Vj'j £**i f^ 1 -^ i* jjj Si ft *»Lm J>J jLiJl L1UJI ^b !j^ i_ji> d_^ , 32 ■■ 
ji* \+j£j> DjJ*JI ^Ls iij^ ^ 4*ijli MWt m JUJI UUII £k JI lj4»ll J-" tj+y i h*JM 
UI3I ^ U . il^iJf »04 (>i L^lUj jf2 li^j t jij'jl i*>5 25° i\tf\ J 2,5 ft iiL y^JJl ) IvUJl 
«i i^nijij jl}l l^ljJI jljAt Uj ? ij^j5U l*-*JJb i>lj)'l LfjLwJ jill lijljll jlJii Li ? LijJI SJafii ,> 3jJ*JI 

S JLJJI LiUll 
u fiji 35 in jiij j j|( JjaSI jil j^-ji 4 JLJ\ (JjWl j^j , 110 m «U l^i Ji^i Jj ■&$+> jii 1%^ ^ - 33 ■■ 
fL» Lfj^ jjj Ljl;JI ^j Uj f J*H jti ijtfj jj L^JI jii ^ o* Uj^l *^ U , ^ »s»** ^ 70 ra 

4iiJ jj 1.6 mi j^m jl* v;^ 1 ^ ^'ji" oij ^^ ^J ■ 4 '^ mi ^^ * J ^ 1J ' "^ ^^ ^J* 1 *' 34 " 
/jLuL>| iJLji . LrUI Ua«i ujjj»- ji JUi LjLfJl UaJ «SJ iw ji Jij yjBJl i}j*3 oL»Ol ^-ji , ^1^)1 

jjiLL jILJj . j*Ll^ <i.^ ( JkiJl y/ 45* iij'jj ji ) w/ ^^ 4ft0 llli -^ j^ ir=^^ ^* ^^ ^ . 35 ■■ 
, _j L . wpvil vji 45 u oUJi jj yli^J ,> ^j*i njiLL jLL; L* t_j^l yy 10 L ' oLvil ^ ^J^j Um ^ 

! ^Lul LuJLj T 3^1^ V^^ u*3jilWi Li^ £ft V% **';! 
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jjiiO»ii 







jj^jjJ^^ 



. l^j^L^ dltfj ^.jUI .L^l <£j> T jij f+i t^j> l^tl ji Jj i liibLLl pyiju ^j^JJ l&Jj'J '^ 

Pijill Ujj J ill* Ijjj ^h i Jj^Ji amS) E'UIj ijiJb' i L^LiJl &t*i ,> _^l jLi ^ > "^ ■ W- 11 

»W ■«;! ^ i^j* l i L$ i r Uv*Ji ii w v> yl$*l ja-ty zr l ^ «*• j' 1 ^ 1 ^-^ a-* j^ 1 j' ^ f*j% 
l* j^ o^ u ^Wl J! ^ '" j-* H^ 1 ^' J ^ ■ ^ £ UI ^' ^ fe? ^ ^ C^ J 

UjUflj LLfil ^^ Jj-jI O^ 1M7 »Lj « ^jUI » *gi J <3_p-U aJIji Jj" ifigjpj?* • &&) #S* 

t-Li Dji5 itfiLhH ^yi Jl^ji ^ ^j ^ ■ 4^>> j* $^ **-* ^ l to ^' r>^J SjUl J*f 

f r 

jjJSl IjI+i vjJj , ^ jSU ^ J# ij4l %j*U W^il j*^ 1 J$ fy*** ^j j^ #*P 6^ ^ ty 
^1 .L^jl J>Uj oipJl +£y Ji* **j-Ji USlij yuJI 8SU j*ljUI pit ^ v^i J ^;^> 4»^ r^ ^ Wl 

^ jjjj LijL JjiO ^jj^-aJi ,j-t ji L*^lj rt^i C«>^-' ^ **^ ^J ■ *J^' k/* i> ^J^ "r^ ^j* 1 " 



^ 
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iUaalttajritfjaJI 



l^' i^iJ J Uj> i5j^Jl L-ljj «JwU! c>l JJ ,^j . *l^ill UjjJ 5jU*j ijta 
,j „ j J* t ,,^ . &% Jjjpji jLJ SJ^jj il^jJI; ijsjjlj Uh^Ji Ji* ij-LiI 






j^jjij j^y i oij^j 2-i 






Jf^ 
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( iaftiidl £I>jJI olj iSj>i\ ) Jlill JrfiJl 



V^< W «l— H 6* 'J* &i& ^ > IJ*lj <>> Ji« v^Jl I i* ■ Uijif 

<iAj j^fcS ^i jjj . u^iti jUi Jj_yi l_» j_u i-jii* iiji^vi k>, jUiji 

1 '% ■ ^'j J ^' --^ *w** j>ji jSt t4*i <£jji ^ %*ii i^ji 

■ t 1 ^' J* ■^ J| ^ ^ u^l ^b*i r 11 OJ" ■ 1&83 f U i^ ; 
■ W> 1/299,^2,4^ .jj W ^ gya'l J ^| L^ ^ISLII - > 1 

ji i^ll ^1 jjjJ i^j, J^j i ^iLiJl ^ SI flfcJJl ^j ^jji L*« 

i>** jj-j^ J>t o-> V^L Sjjj 9,192,631,770 J>1^ jjj! ^jJI = S^U ] 

^ i L^ . jrtjg dKS ^ ii^ , ^uii ^^, ^ . i ^ ^ ^ 
f UjVl ,> jiAJl jjJi Jl^ ! ) j^jij f j^j a^ ^ VJ L^ $j" . Ji 
j^U ^LJ 4i/Uw ui^- ( ijfll ji } jJUJt J^JSJ t y*JLi , \,yA\ 
. iijlall ^l^ 1 LjLu pL**l ji »L&I ji _£ jl ^.^'i fry ^j»jjj 



p#*i u 1 &W] Jl gjh" < i 80 km/h UJj*i **>-u Jy^J »j^* J Jjjj '-^ 
lull llu JL i iy^ 1 h J 80 kw Ujjj liU jttuL ijLJ! yi ^ ^ L 
^J»j 0.5 h ^j 0.(5 x m = 40 km a ^Lii- ijLJl J lii Jj ^ , Lii: 
JJ« Ui* ijL-Jl L^lafc L4 Jf UL-ill gli l^j . 2 h ^3 2 x ftO = 160 ton 

: i^Ji jIjL jLajJ i'jUi ^J* J,^^ iJiUll aii Jajj 

jlil 6.JII 
jliii K-ijSi Op 4h ^ 200 km ^_LL ijl^Ji oJLi lip . ^ti jJ S^J| 
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( if&^i iW! dj tej>tt ) jftl J**li 




£-*&& Jjul yA ( j^tf, ijjJl ) 6} \_^ j^i jfaJt| j^ ^ jf _ 1-G m i/y!- j|^ ^\ Uj« jljJL. J^^L 

jJ — i-J! i^_tj j_i <>_i j]l (ji—iJ J , 

^Jl*j JftJ I* ■ (WIST) LajljSlj ' ^ b J Ul ^ J* V^ "jJ^ 1 " Ul 

D.IIN1 Oft! I L»ji U^^jl ^ ^ ' B J^J\ ^ ^ . ^31 L<J yj 4**^ U* UjJI J-m jl 1*3 

j jj — ! NIST fi-il njj ■ i^— Ji j-i , . 

uJjiJti^.JjUljLli^tuLilS 'jjSj.J.uuJJiu, jUIU> J lJhIj J i,IJl J pjld i> > <*>>^ 

' -0.000 000 000 lm , 2hy 200km ^^L^lj^l 00k m/h 



N 



UwjSlt UjJlj WjjW 2-S 



i j-J^il u^ fi ^J"JI J^J*JJ -Uj-J' B yU-UvAil ±J*JL*J iijjJl LjJUjU-i jj 

: l*vJ\ 
^ j* Ui" t tj^L, 4 jj fi[)fl km ut^ ic *£ fi j|(lj ^Lijij JS t A £l ^jtil 

jJsAJ jl LJiUj fi Jj A jj ji-J! L^l.l*lJ ^ S '4' u jj^ ^ ■ 2 -1 J^ 1 j* 

i a-i JW ^ ( 800 km LjJ^Lj B J[ A j. ^l i^Jf ^ oU jJ fl } , 1200 km 
«W BW km j jU5 yJ A > » ^1 ^% 8 ^^ J^| J^iJf j ^j *J isjtj 2-1 J&JI ^ S jjj^l ^OLtf iW I 

, JjSl JjiJl J {(jj-iij^l (J ill S>lj^l Uyw f^>«^J I** jfi"2 ^ J! ^ J* 







. oLiill jj b^ji il l»l'|) !| J-iuJ yj*> ;.^;- 



{ toll ft*jJ| olj 4i_pJI ) ^liJl J*i]| 



lift jljjjj t iij->Sl J; (^jSkUl £i*J ,> iuj iUJw ^ (^jJii) jl ^ b-lj^l 

iUUj . l*i$j *-*j^' «UI fe jjAJi 2-i jiiJi ,> i^ J i,jj d^ 
%s ju4j<jp U 1 j^l ^ *jd1 jUI Jii>J <> 4^ u jLill UUI jj*: jSli 

lujL-* Ij-itiu jjjl ^UJ.1 aj£L, $Ji\ jUI iuu.1 igLi . $/j1\ jUI ji B ji 
j_% t 1200 km u^Ltll mLJI ^£u ^Sl jj^J! <&&! 13] J ( b-lj^J 




^ ( ijjujw ) tfi) . yillVfl l*JJs p i>j t fcJ»ili U «fy Jjv «.jjl jWi Js-j3* ji 2-2 fjgi y IjjIj 

rliiJ Ulu 1 ijlftLui ft A-i -fit Jl'i i . - . „, , 4 



ikjyll if — II * 



Uljll qi 






(2-2) 



Mi lL>Ji j^iS _jj Ljibijlj 5 + ^u L*S' Li^Jl jtj JJ jj I S Aj lJm,Cuj V yl 

Lf»0( jjJj v £}J jjJJI oUul jJ 2-1 Jiill J h 4*13^ a! l iu >J . lii^i 

jJJjJI JLILI l hjJ-J ■ <rt- Jill 4*j-JI) *Sj*Jl J^u kjjl* ^l. j j]| tLu^j 

jUI ^iiJl \'j] B iLjii J| A i^jdl ^ J*rf JJ 20 h j_JuLJ 3jL- i! jijiiJ . ^1 
g ( [i t = 2fi h ^jHj ^1 t'^i J 3 - 800 km ji iu>j , 3-1 JiiJi ^ ^Vi 
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( i&Zti iLJbpJI olJ aSj>}\ ) jJiUl >UI 







jUl i*jJl 



20 h 



>-=o- 



■ 



s L*lj^l j>iJ L^M <-&& J! 3j ^ ^ : ty<^ ! 4*A J^ 'j** 1 ' -i^^u 

J_UftJl ,jMhJU Ju* --IJ;; "U o'iwl Ijj j£Jj i !>yu <b\> J:av a^^yi 4JLj *J^ 

, Iji^ ^i£i Jl» Ijl yli 



OjuJI :ia 2 2 JiiJl J ij*jJl -o-iiij ^JL: «^l> ijiv Oa\> jlll ^j<i^ 

!>j_; 4_ti«jJl JjSJJf J ( ^ ll f J ljj£j ) Ai ^1 jijiilj 1 Jj*li v r^J ^U>< jjijJ 

<3L-JJ rjl^j j* «^lj li*j 1 JfjLJI *LjJl s*jLmJ ij^J 1 (jl Ij>1 . jjlJllU yjjjjj 

iJitij I* ijj* Jii ijSII 4£jf- OiJ*^ ^1^ 0^' L^^J ■ *±^ *^j ^J^ J^ ^^* 

, lipJl sLaJl yj_iJ *_i LiS jL-i Jl j-^L Lii IlCjJI iUJI J -*|j|| ^ 
/i£j 4L*»jlM <*j-wJI wL> LJuddj C i-j& JjiJl <lp^w j'jaI <awjiJ ^J j^^j 
A ^ ijill jEiU Ujic i ^j} . y ijA\ *^>y> ifJLA ^l-i*J ^j*-^ . R j A i>jii^l 
ljJJ <-j^Jl (> ijilJ^L* i&Jxt} fat !>jjl y At (jl iiy>j . A^ Mb'ljl uj^ 3 ^ J! 

: y B jl A ■> UkUl ^ ijSai 

_ w^i ^ 



J 



— A 

— C 



v - 
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( L&uii *uji *ij ^ a)i ) ^QJi ta w)i 






T-— i,. j j J -jJ .U a , A?— >0 IjlA* 4 — u U J Le j_ fcj i, JLaJI jj oLuui ,_,_-' toju Jl &JiJI 

J0| iktfjiil IfjJl jl jLjO^I ,> iiiS*3 <>jJJJ C <> 'h1> |JAUJjJ A 4 A y'ijilAjJl 

LJjJl 4_trjJaJI U^'jjj , ( Ij^LJf ^j*iJi uj-4 ) v JyJU, JaJ) *i*JI Ma itf 




Ay 
4jJjuiJJI it -Jl = v = lim — 



(24) 



lj_* . ( jJuJl j_t A/ vjJ 1 -^ ^^ ■ui*ll 4Jl*Jl jji ) li^a lini ^jJl fjiy 
iL4>j yjJi ■> A/- L#j j_j£> jjOi LAJi i^j_JUU ^LJi J^ViJl ji Jj^l 

4ij*i! JLS ^il)JI l^jUg jj£U iWi J-^*J< Jj-"j C J_L LLii ±Js "dkiJJl lijjl jjljii ^ LjUj *}*k dlia 




iiLil j^u jJJiJ 4*jjjj i 5 Jl A ?y> JIamMI UjiU; ji)l ^jll Jii- 

. if Jl A ^ *Jl£u1 jJii ^vJI LfMMj 111 iiLol! ftyLtt ff JJ A ,>! lu£-Jl 

ifjiJl Jjjuj 4jL*DI 4*jJI jli) jljill ^jLo* 0-lj"/b ^J^ 1 OUJl J i&^pj 

, Caul jIjHI i jLnLli C" Ji* 



. <JilJl 4iii ,j* bi^iL. jlkii f I Jt 



it i£j*Jl JU JrfiJl IJu* jj j*w Lm *JliVI tjjfJl Jii UliSLi ^_ 

b iLv^l J^sJ j jjjju jj 45j*ll ^ 

J ^jjiiij , J>(| j*j J UpJJ JUnS 1 2-3 Ji^JI y Wjil ijUJI ■ j«*1 
■jjSt JLJbj i ,v j^-***U v^-y 1 i ^' 1 j* 0^ *JJfH ik^ 1 ^ »jWi <5j> 

ii'jAll U!* ^J sl^ijSl (Jjj« yim IJ^AJ . Jt jJJmJJ v 1 ^^ 1 °k J *' ; " i/ U^jr 1 



-«G- 



( toll ii*J oij SSj^l ) jffl jjiii 



LMjJ jloJj J^*j x J jjJjuJ . i 2-3 J_iiJl y i%Ii i ; LJl tfp ^UJ) 
jj a: = jJif cJli IfJi l^JjjLJlJj t f <Ji>Ul Atf oI±»Ia»^I jSj* ^P jjLJI 

: jj^fl Jjj^JI ^i US <i^iw ijitj i>jJf ^i iilji SjUJI ^^* jl ivj-n i^U 



Mb) : 





1 


2 


3 


4 


5 


6 


x (m); 





20 


40 


BO 


80 


100 


120 



i'j-* JjJUJJj , iUJij J5 i!(J ffi jLf*J Jjijj^ DjLJI i>lj] jljlj jl y,JJJ JjJuJl <JJ! 

i im) 



[W 



i_i 4j11j J Jit iijajl Jilii JIuj 4U 




f=0 

t 



{') 






^iliil o-fii oi-* ^J ■ '■ s J-^ lt^^ 1 H^ 1 i>'j 20 m Ji*j j-,^1 *LiJI 
i^>j . <^15 Ji J x j**»!U l_j^-j]I sb*j^| J 20 m j^m SjijJi jl U) jU^ 

: ujSj BjWf *J**jJil' ^j,J! jli 

Ji Ax 
r j5UI ^1 " ^ 



v = 



<L>?j* Ax culf Ijli , s jj_>*lJ tj>_jll oL*j"il ji **& j»j i>lj)'l is ^ 
sLxflli ji o^X V 1 — ^^ IJIj * * jj^J] ^-^jil iL^H J iijJi o^ 

kJw ^i iS^JJ ^T J^S 2-2 J5^)l J i^jil 4UUl IjSIl J! $1 £*>J 

tjjUl ^-j^j ^Ijiy ■ ^Ij JJw ^J jlj^J**^; ±i\jp ^LvJl rift ^J iij-Jl . JUL* 
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( iilttll iL**JI olj a^jjJI ) ^dJl jd«|l 





rti); 





0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.1 A 






x(m}: 





0.20 0.7S 1.76 3.14 490 7.06 9.60 12.5 





ji |i — .jJl- ,>_* Ji_»MJ fcf Uul*rij .Ay / AJ v 1 —** '.' yi r— 'J* 0- 1 B 3 ^ 
^i j_>j j^jjl jT Jjij>J! Jjj^OL-Lj y ijj -f 4 = At - 0.100 -0.080- 0.020 s 

s. ' ^ " j'a = A y = 4 * 90 - 3 - 14 ■ +L76 ™ 



13 



• 



10 1 — * 



3- 






-U- 



0.J0 O) 

n>: 






. dJUI dJLill ^Lol! JilUtill J_i# ^i V^Jf si* #1 ^LiL-jJl J 4LUI 
J-*i JJSy . H j ^ ^ Jv.1^1 i^JF J« <)jl y, 2-4 JiiJl ^ Ay / At ijitf 

J_w ^ ^*jJI JjU* L>lj]jfl jJaIs J> £ j A j^Laj til ^ <Ljj^1 ^j_Jl 

, ^ilLLJl ^ J-n*ll ■■*" - 1 uk^Jl 

; gj{ ,Vt -. uJ ,l LjLu u^jjj J^ljl 
, iJaijJf Jb jk iAaJJl is_jJl JjjLg <JaD j I j^ ^jJI Jjii, i>lj^l Jl*±* Jji 

iil :j t ^jJI JjU, i^lj^J JUI J*& y-Ul jj^SJI UiVl ^jJ ^L» Ij^j 

2-1 J>**J_JJ Jiid 

SJI^ i/Ji ^Ijl*] u 2-5 J£Ui pp^j 1 JUi jj cj£$ l^ \ a 5 Jiili Ji*> 






( hm\ u^ji ou ASj*i\ ) ^iiui j^iji 



TJLi 







.4 W 



*.. 



M 







. M j A jjj (e) *ku^il Itjjij Q j A ,ji^u]l ^ (rf) ik^l IbjJ Qui ij-Jj 

: J^iW (v) 

v„=tf^-flf=-10„,/ s 

, j jpJJ uJUl aU^I ^i Uj-Jl jl J*,; *_JLdl J*^ ; ^j^ 1 >Mj 

- {*/n , 

i ul Ap-j . 2,0 s ^ 20 cm *^ 



j^i 



£bji\ frj 



V* *$&**'& J**fj^*®.*l* 



: fiij (-*) 
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( Umii ^Wi dj fc^i ) ^m j*yi 



^ *# J\A ^ ^jJi J* = $f- = o m/s 

: 4^j . !>» ^U i^sji uifll ^ 

VM = — s JJJL s o m/s 

jttl &g)l 4,0 s 

■ . KpJI Jm* dyj p Jtiu ^jjii ^ ^j| j^jji ^ . ^ u ^| ^ 



jd kjui k^ jcu 



( ^UJI ) il*gjl 2-fi 




. anginal >, US ^ ji^>L /\ LM ^Jl > , 3$j xfcj j &r 

( lP^ ^^ « fad s WKj ^jk&f -.1 jLjf ^^ 



- ^1 J pd\ v r~ v ;a 



2-4) 



ajus- 



jUi iijJI t 

ty£Jl ^ [i^s ijL, j^jj .i i^Ui JBNjl'l ^ J^jji iii ^ jjj <j, 
: ijjj . f = 12 6 jUl i»Jlj ( x j^vJJ s_^lf iLkj^Jl i Lft^ ; 



a = V r~ v ± s Mm /s-Om/s 
f 12 s 



= L7mW 






j*^ 



J I $ L*J^ 



Wj ( x j^ ^^^1 s ^| ^J Uj*J| jj j^LJ Sj^JI 



V - V 

i , - ' 



. 0./.-»a <, = . lw 

, r j^ ^^ii .C^JI J j^ j&\ iib ^ ^ a^ill 6 ! JU llL to 
tff * * ;> *^ u)Ul .Uj^i ^J L^i Lii j^ a iJM UUi s^UJi ^ 



-4ft- 



{ urii uwi dj tt^i ) yii'i >U! 



vim-M 




I (:,l 



: SB— € Jii 

r * jsJ top 14 l. . i 2-5 jsJdij 



3jU ^y-wj LiDij i jJ?LjoJI UU ,jj *--*Jl ISy. ^n 11* KjpiJl iLkji ^i* 
: U* IwLS'i b £H\ &y\ . LJUl 4JL>jJt r ' L -■ JjiU ,JJi Ul£) . ^UjJL 

JjjilL^'JI J_>! jLl>l J 3-ijJ-Jl Jikj djJ jajJI ^jL>! oL^JjJil m JjLwJI ii* 
. <Juu L'L_«i _i Ajli^l I jut Oh«> U Ijji , Jjlf*il v? w *b*J« vhf^ 1 
tjL-u. LiLt ui JLi>|jJl oL->lll ***>." 4ju^uJI *j^)"I f'J-^ 1 A^ y*^ 

. c>oil II* ibjvl 4^jL>J| LA**JI £* tJUJI 4>lll SjLiJ j,ui* j^jJl^j , ol+ajjl 

. jJj;i jj il^ij Ujoi* i^ (yj ^ijii hJ j«$\ jtzii y 2-5 jiifi ji* 

L^Jjjji jcvjij jjjJl J^li* oj£!( *j=jrJ &t# Ujj ^jji 

I ^jU'u JV,l1.,,l 

1 v 2-5 Jiill £» i*j-Jl -•■• " JL£: J')-* 
j* ik>J "J\ xi* «jj| , 2-1 >**$ Jlill J o-^i j^ U UjL . IrU^ 

A T j (J ; P juLJI J_Lf Jill ^jL* J,y jii , &»JJl Jii Ji£ if Jjlit )' lJ i*i* J^ 

0.5b £$ ) iSj^i -Li to /il . hfj^jitl ji* 1.0 j 2,0 . 3.0 a "Uij^ ijliil.l 

r 

Timet*} ; -» 0.5 1,0 1,6 2,0 2,5 3,0 3.5 4.0 

Velocity (m/s); > 20 IE 10 5 -5 -10 -15 -28 

_9 4j->i P— i^Jl tf .jUU oU=j*JI jAnJ ^LJl 1 o'jU"jll (jlj t ILL Uylj LSl 

. y ^ ^JUI i^l 

if itLLj jj_i ^LLu ,>,( Jill i— iji cf-*\£i ji>l . '("•* ji ^^ v jt ( J^H* v 

! ^yi i-yil Ij+j <Jj*0I OjU L* : Jl]^ 
jjJ j-jjnJJ.1 Jjj ^a ^jJ< a' W iiU i ji>^l li* J*» ^ *Ml : *jL>Tft 

, ( v 2-fi Jii } chjJI J UIjS ^ JU: 
f }i4 ^ji* L> . lJLi Jji j j m£Lui ia> (> Sjlft -rjUl Jj»j1i jl piljll j>t : J'*-i 

. LJU a yi ji« ilfii wJL JjII ft f^uj . SuM» iW oli iSj*Ji ji LWI 
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( 4dfttl a1*m}\ q|j 4jpJ| j ^ j^, 



<c4*£U jj? ^ ijj j^ ii^ , k„ ^3 j, ^jji ^ (j^ d ^ 

. JU JJ fclj t*z LJUl 4i^l Li 4^j . U^flj L>Jlj kfAj£ j^j 

I di**Jl ijjt i^ji Ij ; J|i, 



tM W 



lAn 



--IQm/i 1 



,$#£] ^mj Gai^M jjii ^ ^L*JI tef 

r 

■ . 9.8 m/g2 S_jl]f ^j. gj ^ ^|j ^y^ 



i«toll SJj^Jl olj ^>J| 45pji 2-7 




i 

jr*0 a- 

A B 



. ( ^ ) y&u 

.* JM x J^L L^l L^l Ji^ uti ^Jj ^ ij3 u , ,t*rt| ^ y U|j 

: Lj^i gjbui Lbs ui^ fl ji ^ ^ ^ ^ Lj 



V = 



Cjjl 






X= v| 



(2-5) 



-i2- 



{ JMir.ll ibjjl ulj ii'jjjl ) ^iliJl JjaJI 



li|_Jj ^jLjJi 5jLi| ^U ;> J5 J* Jak j^Ij 4^m it jji*J (2-S) itjUll 

; Lib 5j*Ij ( la^jJiLtt 
p,=*/* (2-5) 

Jut^ IJJj i LiJsjju Ujj^JI jTl ijl^jL-Jj IJa^IJI <i^Olj <L-jjII iLfrjJL 2 



V —v 

a = -!— — Vf = vo + af 

f 



(2-6) 



Vf J\ V ft jj ij-ijJI *j L*k> jh yuj <U£j^/ jjS ^Uail *jLo| p*Jl ji i*> _ 3 



V = 



v /-+ v o 



(2-7) 










iJkjJl jj£j tfjt* Jj^ ji ^ i5j*JI Jm»jJ Jii^ jAj (2-7) l (2-6) t (2-5) 



cj 



Jjjx; ^jJ 3J£i^ till j jlLli: » : ^j ^^JjJI > jjiS tfj£s Ulji JjJI r L« 
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( UwJil <J>jJI di 4Jj*fl ) jilJJI J^ill 



J! J %^, LiLji ^ j] -Jj[ SiU| jjyji ^j ^ j^ 3^, ^ ^ 



4**^ 




ijMjiJIjJI 




1 1 sy l 

v D =0 





fi 



£,- - 






»UI lu B J^L> U nk Ji f q^ ^ ^1 & ij^ ij^ J ^iii 

. G*jJl li» Jy>- SbjUll liUllj iUjJ< i^.J . K jjA J| ifH^i L [^V 

oJLtf LLL 3^ ^ ^ L^j j_tf itUl ^ SIWJ oSLJI ^ L. : Jtj* 

;LLtfl 
■ * i 

lij j-U j^J (2-7) , (2-6) ; (2-5) crtljUl i! tfl * f LkiL ^U - . 2 
. / ■= 10 s & v f = ftj ih/k q| ^ i. 10 s J>L» 5 m/s Ji », . 3 

f ' i+^j ^jM oLu^Ji u : Jl^ 
. x. iijLJl L^i; ^ UUilj a ii**Jl <^ ; ijt^l 

oL*£!ij ( r ( v r v„ j 1^1*1 1 ^sji ^ ^jw jail rtbUi ; y^f\ 
: (2-fi) iljUl j* i^UJl yjbJi . ^ a t s ) iJ^^vJl 
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( UmII 4I3JI dj iij>JI ) J® ^&\ 



; [2-7) ItaUL ikj^iH UjJJ JxQ . iljUil »U»£J Ji 1jj5Ji sot 



*-|('V*« 5 



»y^JhllLi3liiJ!jJ*Jf 



a=^m,/s-lmZs =050m/s2 
10* 



; j Uu«lil us _Jlj 

v = J (0 m/e + 5,0 m/s) = 2.5 m/s 

£ = (3J m/s) (10 s) = 25 m 

Jjbu Ji Lull ^ t>^ . 0,50 m/s^ *^*jJH ijill « i* ft3 BjLJl iL*£ £j&j 

, oLIa*JI rWI ku^» j**^ d±>Ji 






tiLm J^ ^yLJI J| cJjj jJ 5,00 m/s iji Jj-*j 6j*Z ijLj $1 jijjjl 
^ LSjjJI J jjl^( . Ijlj-Jl Jlf 0*jj L_^pJ1 iL>j= j^jl . 20.0 m Ujjj 

, v fl = 5.0f) m/fl |jl jic • 5.0 m/s cji Jja*^ Jj*d * - 1 

, v- = m/s '$ JW * jjU< J| dLij » - 2 
( i_l v j < cj^ iit j « ; _J< j*ju jl _uj « 20.00 m UjJ iiU J^L* ».3 

, 20.00 m Ujji iiLu J^> ii*i 
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( Uuili 5i?jJi oli 'tij>}\ ) ^ffli j^iii 



V f Lyj Ojaj J| ^1^ J^i a ^jLjJ <2-G) <JjU1I Li*j>jJ ii| - J|j„, 

f i.L*LJl &* v ^aamj ^S*j di£ : J\$ui 
■ * ' \ { v r + v ^ ( 2 ~ 7 ) <tjt*il L#i-J ^1 SfeUII > : ^L>y 

ojjJ 1 i jjj . v = 2.50 mk j\ ju*JL- (2-7) aJjUII .liiiyU'iiiujijJaJi 

* = 4 = -m0j5-= 8.00 s 
r; 2.50 m/s 

; (2-6) lljLdl ^j 1L>JI ljL^ ^ f 4^_jLuj4 

- _ V^ _ Om/s - 5QQm/s 
* 80.0 1 

= -0625 mltf 

, 3jUJl j^J wLsS^li-.^j- , v i'*jl j£t a sUul J ^ hiU\ %ft,f 






D 



Ujji IsU* J$J* 4,00 m/a jjjj Jjj« ^Ujj <^SJ| ^ L^^ ijU- ijjj 
SiUil ^LH pJjUl ftjjll L* ( V ) f j^> ijLJi ^ : ^*L ( t ) , 20,00 m 

? 20.00 m 

V ijUjJ V> LLJI Lj "dLlI ^Ui*, Lp ; Jljrf 

jLskjJ yjlkilj . x - 20.00 m j a = 4,00 m# iv^flji ^LWl ; JuLxVl 

, dJif ^"jUI ^R) 20.00 m uU c«Ji$ J SjLJl a*& L,jic vf 

i iJLJl ^ Jj: j^ <a-7> j (2-8) i f2-£) oTIjUII t %gj|)» ■ 4jL»VI 

JU>L^ jiu^j l^T^ilJJl oTIjUII »j« J> Cjj| lllc , c^Lm 4*Ij»jJ ^ ^' 
fj-^ J** ^^' '^* ^^* <> Uijw U*j . v^ o^^ Oi^^I j^j'a* J* 
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( iu&jl! y*jj) fiiti 4f>*Jl ) jilifl >U> 



y±iili 4l**Ji *& tt^JJ *jtiui« y^jLu 2- 8 



Uii% L^IaW-H fe^l ^jU* jI* liU* Ij[ iJ^ 2-4 Jlili J* M 
oIjUI J*? fr#*)*ti O^jWI Ja3u1!j , (2-7) i (2-6) i (2-5) oTfjlull JJ 

: JUs J-i*J (2-5) ji (2-7) Ujldl ,> v i*^ j£ <A^"^j 



*-f<v v *" 5 



(2-«) 



(v^-(y )" =2ax j 



; $ *** (2-fi) iJj^l (jii^iif u*Hk> 



X- 



A 



: flj l jjj *jy ^jUj 4*# Jl fct& v^ 1 J**^ Ol* ^^ ■ **f*" ^^ j' ^ l 
; iij*Jl J iiAf?jll ^jjlls iJ^JJ &Ul iJjLdl 4j1j$ ^ ^J . £*"&** Jfl 

vf*vl+2ax '12-9) 



vj=vl -2ox 



^ (2-9) 



jjj.1 LLijLu (2-8) LJjUII flj**-.L L^JUiil ^4^ <-^i ^J^ 1 ^ 

: jk J*** (2-B) ibWl ji (2-6) "JjUI y* v, fr ^^JLJ 



*«|v>| <* *■* 



1.1 



*.«v f t-+ -Ja** 



(2-10) 
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{ SjJuiii IM _,u y^ji ) ^i j^}\ 




ic-vt 


(12-11} 


V ■+ V 
2 


(-2-11) 


* r » ¥ * -m 


H*-iij 


vj - pJ + 2oc 


(J 2-U) 


l.-v # t+-A|rf* 


(j2-11) 






_1 t (j 2-11) LJjUil ^L_j ; 4__,jLm.* . u & . a ji ^ ■__;.- ; <L_jL>^ 

. (-2-H) ■ (I Ml) 
? ( d*tf y>Hj SjiL, jtfi ^ *tj3 J* : Jl),., 

_-* $#*J (j 2-llj i (_> 2-11) &M j,) dJj . W4m L^Lku ^kU 

p'- 1 -*^ 3 — '' J*-*^ lM 6^J ( ^wy iJj-j (-» 2-11) iJjUl! Ui^j j <jk> *JjL_ 

. / = fy - V a )/u : i jL^>' (^ 2-11) ftldl 

«A__UJlj>Ji 



uj = \>l + 2ar = + 2(4.00 ffi/s 4 X20,0 m) = 160 m# 



(>) 



LJ 3*^1 ibUl $ JJi, 1 ^ *Wlifl in 2 7? =±12,6 m/s $ 

J_>Jl CjJJ . * jy^ii i__»jj| »L*rfl jJ LfyJI gj llijal Uufli . tiij g#* 

LJL, a oJU Ijl L^_> a*4 -12.6 Wb JjJI ) . +12.6 m/a ,j ^ J i 
, { r jj^aU tJUl a^l .p 12.6 m/w J^w <5^»i, SjUJI _j_j 



,_"/ _, p o_ 12.fi m/s-0 
4.00m la 2 



a 



(-) 



= 3,15 a 



:2-5J-* 

L* , 1.50 m/e a ojjlj >L& )tLsIl ^J fiOkm/h ^ Jjim> *5^ iji^ Ljj 

t jty I oiil 70.0 m DjLJl *_tt _iJ »jyjl _>*jj| 



^4H- 



( JLdujU iL^JI cAJ ttpJi ) jJLiJI JdsiH 






f ;Uh1i oUyLJi U . * !>*>JI (j* tfcjL*oi v^ 1 " SJ **^ M^l : Jl>" 
iiUJlj 1.50 m/s a jjUjj j^ILJIj o u =60,0kraAi tJUi/il i*j-Jl ; fytyjft 

, r -70.0 m 

Ualcl IjLJ , 4£mJI bLkj^ j-^ j L^iL>ji IL>p jl . 4j)L il^sP iUa* : i OL>jl 

, a = -1.50 mJs? £L*-Ji oj5S jjf w*^ fi0.fi tm/li «j-JL 

f ^UuJI lis *Jlj)J <kt y^ IJU . x ) a oU»j ,> iiliij U^yJI oU*; : Jf^j 

. m7s jj 60,0 km/h V*l J^ u^. : U>tl 

60 km/h ^ (60.0>fgflfl(100G in/l^)(J^fafiao s) 
= lU.7m/s 

ijjp ji »l_^! Jj ola»jll y»* l+J oLu£Jl *^ ji Liib j^ts $1 44* v-*M 

<■ iJLJJ jIs k j^kjj <Jjbu Ji : JI}-) 
(_ j» 2-11.) , (1 2-11) gUjUll . f j-b uj^ j-IJI ^"isLill lJaj-J ; Lfl*?! 
Jt* jji*j ^ Sjj»j)l ^ (_* 2-11} SJjUll o^j ; 'Y **/*• l+*li*l-l y IkL 

. ijijji yjUii ,> BUjj _^i uj*j ijfcu^ UjU* LjjSJj. l * _ji j*ij Jj^i 

ul = ul + 2ax : (j 2-11) iJjLJl ,> n f v^-> ^ f*» : ^j" 



i^tLWjJ^ 1 ' 
Jj: Jjt»j (j 2-11) jJjL»1.I Jjii^L . 1 



v'j = uj + 2g* = (16,7 m/s)* + 2(-1.50 m/5 s ) (70.0 m) 
= 279 aft* - 210 m¥ = fiHJ) m 2 /a 2 



y, »± &3C s 



y^ijJi j; tf^Jt $1 y*^ u f ■ + s.30 s Ju*H jb^: J*-j 

: jU $_* 2-11) ^jLUI.2 



f:« 



p / "o _ + 8.30 m/s- 416.7 in/s 
o -1.50ni/a 2 

-8.4 m/s 



-L50ra/s 2 
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= +5 40 



( Uiiii ^aii oo tt^i ) jiiai j^yi 






^>J! i?yJi oLfjJw • iLjjJJI y olfet* 



j4* J^ pp pJkjll iJuJj i J^fJi fWj j^Ji >Ji cw j>1J iL Itti *yui pL*ty iljL- Uy Ji*J 

. ( jiyi Jjd 322 - 384) jLj ja^i Jj-Jjll j** > «M 
a^ni ^lIj j_U *L1jj . JjJiJi jl-l*JI j_i Jil kj-u *f^JI ^i Jai-y J,j*jJi f-^Ji jl jk-ji ^ y J^i' 0.O 

jJjs i«Lj I+JIJ IJJj ■. ^jSl jjj ^^1 UjljJ^I jl& Jl J-fi fjl Jj^ LLI *LL1j yljril ^ iij£ll fL*% 

. >UI yij jjLuUi UjNiiJ ^Ijj Jl fitful JjUOJ *ij*JI fr SjjSil fU^I U . 4llii L»j«JI «u*j li !ij y*jft 

OjAli ^jJi ui . ^^JJi Qjiji; — ri jLi, ji ^j CU v IjaJi & j>£« oS 1 i*^ U*. j*>Ji ji ^i ^ ^> 

J-stJ uyi jjiw ( .JjJl 4_»- Jl jjii^ ^ lUka jl ) lijJl iiui liiLul L Gji . <LuU »jj>J[Jj^ Uj*" jl JJj ,JU 

j_i, »l 4 iS" jk»j^ iji** ^A> LjLJI d#) IjjJi* IjyljJ j*>3l *fy* JjljJ ytf ji» ^j £*j . gJsS-'^J I « JJ ^-j 1 

i^MJM J^Lp jb^L iij-ij jLi jk-*jl £$ £juj . y^ 4#j-mj iJsiLJl pU»Vl si* Jl* ijj ,>) ^Li *Jt£.L 
J_JiJI j_^, ja*1; J i_u_Jl lijJj . ^LuI-jIj iL^L ji (^ ji ^UJI (> JjSJI ^ j^j jJ *d)»i jUll fJjjtJiSj 

, I^U 2000 Jij* j#t JJI* ^^ ji> <ls3LJI pU^Tli J^L p^i J fj&\ ,> 
kjjuiijf $m J^tjl Sh * 1294 - i214 ) u^ ^Jj 0^ ij ■ ^ j u^' ^ US fLJI L 1250 f U J^j 

- 1561 J ot^ L^'y ^ c 1605 r^ J'p- ^ 'j^ ^J ■ ^j^ 1 **& ^ W 1 ^ l ^ 1 J t^^ 1 ^ 
, l^Uc H±-u) (yUj/r ^Ll J* Jlu jl ul*^ o^jJiill jl « mUjJI »-wj » 4jJUj ^i (lBJn 

J Itlull wjUJJl o* jt*jwJi «Ij>Ij j«et*J> jJjJI j^^l i^ ±p & JjT lj*>i (1642 • 1564) ^'L> $ ij 
^ . IbiiJl VJ L^1I JL" ^ ^ LfJ ^1 ^jjbjJJl ol 6L,jI 4i*£ ^ ^ jii'j . LfyL^fj o^lj JiJI 
ILIi j*i i^ j> j**Jlj ^' JfcyiL* jj*;> iijl** yl jiW 1 ^ ^j J ' (" <>j ■ H/^ 1 j^ ^ **'j £*" $& h$y° 

^i3 wlM i^>^ ^J> ^-^ u^ j^jj 1 f— Jkll u;J d Jl *W»J ■ ! J*"^ 4ii ^^ ^ ^ |; ^^ f^' 

. lawlw iL^V -' J V > ^" V^> 

J } . [# VJI ^JWI JjL, jky UJ 0i*^l Jl L^ ji ^! ISIS^ Jji J U*L£ > gSltij IjjjJ ^ ^** r 1 ^jWl 

, HjaUII jMJL>Jl i^L-l ic 4*u* jji jl ill W c*13 ^ysi 1 ! ijjSj 
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( idu£\ UfcJl **lj 4***fl ) ^UJI j.ai)l 



LIjLuI JUjtL-b i l L-11 s JJi Jjk* f^Jj yl djis j>T jrj*4|4 Jj Jt&^l JjJ^ 

J (j 2-11) iijUll (> ixl uLlJ ol^ku *U*1jL_ 1 
70.0= 16.7f + i{-1.50)* 2 = 16.7/ 0.750f 2 

LiJjU yj_£ jUib* i df £ + bt + c ■ if* ^jujjjJI UjLjuli ijjUJl 5j^a!I . 2 
UsJl> ^j <jWI o^iUIl J J*i ^ ' *-O-7S0# 2 + 16.7f - 7.00 = ijjj] Js 

o = -0,750 6- +16,7 (r = -70,0 

T ^1 J*JI j*; ^ IJU . J = 16.7 sj *■ = 5,65^ 4^1 UjUJI J ^'| 



? L^iU^JIijjLJ!2-9 



L)L-iI* 3_ujj CjIjjJ ^£ t_L*Jl jijl L-iha'ill JJj , LijSl LjjLaJl jjU 

j^O >ijJl> <U*-*JI y*Jl^ &15j»2j j^«^Ji jl Ja>l! , -fl^jJ' *3-*Jl >Liijl> 

<>i_«i . (1642 - 1584) _jJJLs. BjJ'i U Ijuij i U.f-j.'iijiij U$_>a.-*> JiUfcl 

JJ yjj fjLdj ydj il 7^ 6-> Vj-*^ ' '>* Uyki JaJLJl j_j^JI jl oLUll 

lj_> [Jj^Lt JfliLJl i-jJl i5> Jj*+ /,i lj> ^ „ 9,8 m/E 2 Unj J ii^ju JaJ 

: jjL| US j*SJ *J?lJL*J ii^>J £* [jL^I 1 a Ujjj L*Ll> Li*j ,i-lyj ^ j» 

Ji-ri Jj S$~Jjjl tejJi ji ji . li£*j . . . aa.4 m/s , 19,6 m/s ; 9,8 m/e 

9.8 ra/s a jjl—J ILfjJl ji JlL j>i ~jjJLLj t Lili Ji' 9,8 m/s jlji^ ^1 i" 

. Jbl jj ^ij (^j 

, j^^ «>j]l fliijJj JLjLiii Juitj f ijJLJI jj* l^jifj *ljfJl m L^'Kl>l uu k-ij-i ^JujJl Ltib «UJLi . Ij> Itiirf 

. / julult jjjlu jSj>i ] ■ ■ ■ -1 ' <Al-u l»t -^•j J, J! 4* Jl JjaLc U»s jli JjIIj* , ii^dL I ^> Li. Jl liL 
TyJli' jiil Lj_l l^^l IwJL^J! ii ^|} .i>jJI <jJsi lil , L^jIp i(j|JI oljjjb 

j r 

,>j J^ (jjjJ ^-JJ^ Ijljj- j^ Lpjj $ Lfii>5- jrtj tiiil i l>fJL/ t^tii>l ^j 

e 

1 l^» lijArfJsJLJ iL>^l 3uU jl JjiJl Ijiiw IJSftj , ^jlSl t»jjl JjJJu i^J <L1jJi 
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( *J&i\ it»jji dIj Ijpji ) iiiji j^di 



A' fm/sj 2 clfll 



r 

■ ><itf BjifS W J] dujl 

Wjljtlhc^^-j ^| f ^Vl^ fcj* J^j ^ UjfJ , ^ 

jj* % ■* l*i 4#M jjJb uiiij J/ iSj> ^ jjjj a. 5 j^jj yj ^ ^ 
U** ;,[ i^j jjj , 2-6 . y 2-5 frUfllj 2-1 jLlii ^J tf^Ji fo j^ 
iJ^Lw ji i*sU 5j£J| ^[5 ,1^ Ji-I JI l^Uulj tL^ 10 ntf .^U jj£|l 

?j_£fl Up JC ( 2-1 JB1I ^ trf t jj*Ji aU ^ . J*J j e jja ^ 

. 1^ l#& r ^J^ ^ JW JJ J-3 ^1* ^|} Jj & m / B Dji J^ 

. JsjLJ! *L3l <JU Ji 9.8 mi/h (jJ j Jx* BjSI ^ ifp ji*,, 

fip ^ j-^i JI »W o>l Oj t fy , ^| jllLJi ^^ ^ ^ 
La* lUIji &b ^1 ^j Ji*t jj L^Uji ^ -y,8 m/«2 ^ i^LvJ! ftp 
»1» il^l ^J, Lito L^S iU*Jlj Uj-J-lj UijVl ^ j_£J ^ 3j Li)"i 

^jU l+jlt 3J»H i^j Uv oO ^j. ^ 8^ ^i^l jjjb ii*5 

Jb j^' J! ^j*"? iiUl ^^W^JI y JiiiJI ^yj< j.y ^ ^ 
jl^iUl ii* . ^ .jjJUS J v ^1 jj li^Ji ^ ^ ^j ^i ^ , j^j 

Ol 4U v^ L^ JJU ^3 ^| ^1^) jb ^ . i J/f ^ ^ ( ^ ^ 



M973 


tf" ■ it * J Jjijj 


9,7932 


j^jij*i 


0.7927 


ojui^ 


ft,8073 


Jjl+U, 


9.7997 


jS^Jjl^ 


9.8(KH» 


LWjl (II^ 


9.80^4 


ii^jS 


9.7IM51 


JSi 


9.7KH5 


dawtyi 









i 2-6Jtu 
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{ t&ull HhJI idj iS'jJhJI ) ^LUI J^aiJI 



1 



: jjiliU J V JjluI 

j_>lijiJl Jj l^i* jjLJj LiLji^l bjJij j**Ja*LJ .ptfl &*jS : U^?l 

. JjJ Jj iLij y.y m/e^ jiLo UmJi ^i jj*j Ijaj 

? wt^| yjIUI I* : Jl >" 

diiiy * 3,0 s »jij jLJt ^)JI J^i Lij jwJi Lj*Jri jjJl *iUi : ty$ 

. y isL_*ll sit jjiriw jl 
? CJU r l £>>« pI*J^I Ij* >0 > . JjJ J! i^-ij i£yJi ; Jj- 

i ' y t ' 

: ^s . l+JS JJUl J^U cA^Jll J£ » 

|)I liji* *j£j i ;l = -|M3 iii/h 2 «_j 4l^ l^i» j^l Jj B ^l ^JJ^ 1 &j 

f llLil tii u-iL: 4fj>Jl o^jUj £» c':'Ju ,j,\ ; Jijw 

J jj_* Jj$Q b_^L, ^jtlj »*sjl! ^aj JjujJ .yd I j* (j 2-11) "JjUU ; SjL^VI 

I il *_J jil J-lii y J_ii J*J ^, ^Kliii-nl jiij c HjLJI ol* J /uijl j*jj x 

; Ej^aJl J* (j 2-11) UjUXI 4jU5" ^ &&} . J i ^ 

ji ^jjjj 5JuJi oU^m ,> ij^jUi ^L^i tM* ^r^ 1 -; ' ^^'i J*" 

y = u(+ I o(3 = (0X3,0 fl) + I (*&8 m/s 2 )(;i(} aj 2 = 44 m 

U M 

* ipU* *QU ol.iki^J 4LLJ! <Ja>JJI ji y*>)\ ijtjw U : Orfj*^ 

. 29 ra/n : 4jL>^II 

h " Pr 

: 2-7 JLi- 

w owi;jii 15,0 in/s jjjj jSIj^I i^j* J^**f ^I*i j[ iLlj Bji' ^uaivi. Jii 

■J iVj . 15 m/s »ji iij* Ji-*^ ,j_(j]| U (-*) f Lf5Ui^ JijUl ILjJJI ^i L^l*^ L (y) ? Bjfll J^B *lfi}l U 'I 
■Lj/ii yUS lie QaiJ js jS J j]; . ,, '.^t, ,.„ ii. 



.! 




f 4i^4l ii* *u L : Jl)-* 



-Gtf- 



< it&uii u^ji da fc>ii ) j*iai j^ji 



^* IrjJ—Ji £l iiu>j . L*y> Jfi] JJ jt^lj jjli-l IjJ V^ e + ln.O m/H ; 4jL*VI 



, a = -9.80 nils' $ 



; Ul, ^i L^ ^i ^^jj jjUt^ 1 J»jifl 3* U fl Jij-J( ^*i JLi' ; Jljj 



^ 



. v ? -fl j! o-l i ^L^Ji UjJI j* B ^ Uj^JI ji ^1 Ud£*> ^Ij^kJI jL* 



jc jj "iju iiLJI JiJ _v 



' u ; * 



Uj + 2fly ; (*4-H) 



Ir^Uil oL^il ,>: yijjAiJlj_y J| ^vJJb (j 2-11) UjbJf ^ ^lilLUlifJaJt 

*h$ 0m a /B a -(15j0m/B) a 

y= n- — r-^~. — -ir- -= +11.5 m 



2o 



2(-9.8m/s J ) 






? i L^5Lj"J| 4LLJI ikxUI iij * iijUc j« L) : JILj 
uj& SjSII &t -jt * U* iw«j3 tjill ttJSjIl ^ ^ic Sj£i Cj! ^Jj ^ ; 5^^l 

v w = +150 m/s, a = -9.8 m/s\ j y • 

. *0 Ij* V 2 . = ^ 4 2ity ; ^jU-VI 

. y = [j)i3 L»jit v,. JJ ^u*JJI_r ijil oja J^JI j^ : <jl>yi 
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{ idXl\ &**JI M ^jWI } j\X\ jdiJl 



.1 _ „2 



»JJ jJu ±J; i Bj| = [J = (1(5.0 m/H)= &l **J J sO gj #l a^iWIj J*Jt 

, dJ djjL t^Ji ^ UJ i^_pjl UjUJI fcl /S! &% ■ *^i iljUil 



p, = -15 m/s 



j t»i a +15 m/s 



L,|jj LUtf £ iiua)l jfug ^ Jjjjj J>J| I j* J| J^jU j^il li^ JUaj 

JliJL l^ijui jJju* *Jl—li jioju* < 11.5 m «jj3 fUjji i> yjU< > -* ,Li ^ ^ 

2-6 

v i|Lii si* j> jf^ ijji ji Li*; ; j^ 

= (15,0 m/s}f - ^ ( 9.8 mW 



*= 1^=3.06, 



r = Q 



LjiL^J jiftj (( = 0) SjSJI JjJ iL>J & ; v = Ujj j^SJ ;^Ji»J JLU J $\ 

. (t = 3.0s) 



: 2-8 Jii- 

U5uJ ,> 5.U g x*i l^jjlj l^iWI pJ 2-9 JiiJL US J*3 J| £»!j &i u^ii 
* LjAi.XK IJkA jj ^jJ UjI? SjSJI oS_pJ Ibj* jL . JiL r l 

a = 9.8 rn/s L^i U^Jl ^*j! ij*J[ «^ ^ ^| iJb. ,}* J _^|J| ^ ■ J^ 

tfl ) ^IJi;^ *ijil y*Jj j* ^U>UI s^jilj t f«Ml uljJJ' u*j : iflfjll 

. ( y f » D t j v = 



m 






{ Jdttiil *JM alj iiyJi ) jiiai j*yi 



y=v t*^at 2 : (j2-1])^Ui : U*Vl 
: o' i*3 v fl JJ WJLf (J 2-11) *JjUI J*. lUBUdjJaJi 
v fl *=y-Ia* 2 v„ (5.0 *J«0-| (-9,8 m/s a X5.0 $ 

!&Ij jbJ-JT ^-jl^jII »^$| Jj; J^l Jji Jjji ^ j£b , v fi s + 24 m/n &j 



dp£ ^ L*ll sift , J*i _,U Ji ULpJ\ jf Jjjj-jJI jj£ jjyj jl jjUJl ^ 
^_jaj — r «_£j*Jl ^j gijjl lit j-Laj)'* . cl^jjill ^i_>>J l^j* l ^j Ca^ j* 
: 2-10 jLi Ji — T j] Jti^ j£ J JaL; IdjSII o' JiAJHi* J ^ ,2-10 Jiifl ^ 
. i_iil ^ j.ji^j ijjUi ^ Mm ^ <^ ^ 2 5 j^l I*' ■ ^^ tyj L*i' 9.8 m/s 2 Ujji Jj^l J| ^ij il** 

>Jjt3 j^jA ) . 15 cm U ji uL-i j-^JJ J JL>V , j-^wjJl *j— aJl plj^l*^ ( 1 sill ) S*£uLl LkaJl ifyjjj 

' Ju-J a B>SJI J jJuu lltj t Lsilj u^Ui* 4j5j#| U*^! ^ <& y^jiJl 







, ciijll ujJB ^ Loll Jjauj l^j p ^ JU 9.8 m/s* bjJJj li^Jl ^il> U, 

l^Jj 4lr_)i_i <LiSl Cijlj ii jb Ja**j ^tjl Jjjill JjAl) frlj^Jl lijlifl JL**.1 Jil: 

Li^ Luiijj . jj3j^ ^jiji y^jj itjUii ii» ^u,^ sijuji j^iii ^i yja j^,j 

. g U>j iuij ii>jij CJj dljaJj gtjiill _ 1 
, il>\5 <$\ hju JjJill Jj>i iJjJl ^ J - 2 



^jLaJ &l JJ ii^i^l bjJl 3Ji* jAu iji\ J^aIIj il^ d^Jl ijjU* kiJif 
- 56 



( 44WI 4l*jJI olj ^5jpJI ) jiliW >*ji 



L3UI ^i «*fl J<3 9.8 m/s Jj*- Ji-I JJ £Jj UiS^ '1*3 i/ll ^ j$B 

r 

L^ki Lij> L^ LM iki-jy ^ 4$*2l SS/Jl ^ji lhjJ . £i> jl* UfM 
&jili ^JjUil jli l^_Ld jjU 4$ft iM 1 ^ I]*" ■ JJ! - v u ^ **j-¥ 

x = oi = yJ (2-12) 



y u = "/ = v ~ Vx 



; S-ll JU 

irfuLji. bftjfc 4>S <SjJ*-S * ^ 



il*f j^jb ^j->j 1+J?j3_-J ^ y aLjJ^I ji tjSJI dJjjffl LjJ^ ^J 1 ^ 
di* ic i*kuH il**lt olj Kj*! ibUI Uu^jU+ j^Ju lifJj ; i—j^l iwJWI 
b^Jl <f5> IftaffL udl jl 2-11 J&J1 & dtf J t&g . Sjfll «/J ¥i' 
*^ll ^ JjHI li&* u*>fo 7^- ^ y = Uj«»l ^ •% ■ ^ « >* Wj 1 

i> = -M-9.H m/s*)* C8-13) 



y=^-(4,9m/a 2 )t 3 



(2-14) 




T " 










9,8 m/R 


1 ' • • • 


■- ■■ 


■** 






W£ml% 


.f 








29.4 m. 


Sft- 


* 



39.2 m/s 



IlU 5ij> ^jjS( ii v J^I jyC Sl*fi ^>fJI ^jLi cOlS Ijlj . ^i]jJ«L* ■ji&j* 
k» iil^U.i jJfi l^> iLjLdi Jtfl— p* ii'^' IhIJI Aij^ 1 ^H*ij i «j JI 
jl^.^ fj ii^i ^j* JttJi lP^— ^i ^J* J^ 1 ^ W>J ^ ■ lT'j 
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( A - fciO a*ji *y asyji ) ^isji ^ij[ 



: 2-*>Jii- 

A tkUll jk JJUJI jj Jp SjSJj £,| jjL:| , £-11 Jiitl ^ ^jl| Jj^| ^yjjj 

! j3jVl ^ Sj£ll fky &1 . ^i ^ ^ 2,0 m 

? ^.VjUII ji ^ji^JI obJk^ll iflaj JljJl ^*> IJU : Jlj-i 
( U «L* A LLi^i o*j Miyi ) C IUmlJI > jaj jl J* ^iu Jijji : JLL>}N 

^Lkijl £_^i jjs ,x lui L, » jj JijJi J^j J^J g y^i ±sx = (i jUiiU 

, Jjiill jjk ji^j oLII sin « ? ji^L Ijfll 

l^Spi m , itfyjj tyj, UJu JiJ 2.0 m ^ ^ ^1 £* ^ ! ol*?l 
j-JjJI *-iyl j_L: y^Vl^ pJftJj? Sj^II oLi A Lbftll jj* y = Q j x = ^i 

, j = -2.0 m 

V y li^il ^L x Jj^Jl LjjJ 335U 493? J* : Jljw 

. jjv -"■" ■" J jitiUJi s^la ; <LL>^TI 

j (2-12) cUJjUIIj ] ty*J| ^ r U* o^l tfyJI j^j^ ji j#L lSjJI 

• l£" * O'j^ O^j " J Wd! yJJ W* ■ [ (2-14) 

i^= ^ y = -2.0 n J! ,v = ^ HjSH J^ Ji fp}\ ^| ,11^ : l,^\ 
Cm 2 m iiU< 3j_SJ) J*^ ^h^ ^jjJI <> ^ |j* . l]^ tjll^l v^l 

? u*j]< lie j^iuu) »j^i^ luVjUH ^J : J!j-i 

jj* ^ = UUH ii*. Jjj .3? =jr„ -(4.9 m/s' J )^ J ll^ pjl-il ^ : Sjl^Vl 

. u v - -2,0 m .ftjj jit jJWI ^ ^*jjl jijjiji ujilklli i IjIjJ! IU; 

tj_le ^Jjjj; jUI i ^_jjll ^»3 ^j dJjU> jl (> t f Uj*jJ ij ^'1 : JI)j 

. 15 Ws Uji wj-u Oil Li'^ Jk l^ti ^Sb i^SJl JkJjj J Ulb ; ii\*f\ 
yf±*i tM * u^\ tx$ ..* o Jtt t t: (2-12) ^jUf j [j* Jw; ^1 UjUiII 

, l$jW J' i lHj^ pUbJj^ll aj^ Jlf jc Iti 
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( u*di ai*jji ob ij^i ) jm ^ 



( = 0.64 s 4, t (2.0 m) = (4.9 misty 2 <&*JI 6* ^ ■>*} ft* - 1 
, x = (15 tifc) (0,64 a) = &,6 fli >j lS ^ t uJ| - 2 



iytjj jllui! Jjiill 

■ ' ■ [i 

,*iJ( ii\ Si* yijuJ ■ j^^ 1 J>* #., Hj'j £^ ^ J V V ** lj ^' **J-* i^jll 

J J! L^ju UjUll «#j3 0*11 Jt SJj^l •GUI ,. 4^1 jl!* 1 2-12 JSiH </ 
LLiiJI .Ju>j ^l^Jl Jjj i Jjj^JI ^ ijjj *3 gtfjSl jy ff gttyl ^i jj J-sj 




! 2-12 JLi 




W^v-^fl. 



M 

0-. fj_?J! I m yj , {^ 2-12 JSi ) v fl coe 00 j* v fl U JJ ijftl i^ji! 
. UnJ) Uii ^ j^*j ^jJ ly13 tfyJl J& t &U1 Jbi! ji LS t KpJI 

: ^ LsiVl tfj*il .1*3 jJI iJjWl i [fj] 

a: = (p fl cos0„)f 

, J$itfj| ILL jtfi ■ if liJjSil ii*j* 
«j_J ^i .Ul^L i 2-7 Jlill jS LpiiL^ jh Ml kjJJ hJ}\ «£jH U 

: d^U* \yljll i5j*Jl jU^j 



( 4*H3iil iLyJl cili ^yJI ) jiUJI J*i)l 



p, = o sine,, + (-9.8 m/s 2 )f 

J£\ yj\ J^ ^U f^l ^i Jj SJfiili J^; ^ ^.jbUi ^3)1 J ^ jjlui 

r 

, -jUJl ;n tlj J*lj]| Jl 
L_^ ^i!j , ijilu y ytlujf iJjlju jaj Ll^jJ ^J ol 2-9 J HI I ^i Uk»1 

Lljlfc) jJ-^Jj iftWI »JA Ji* jl*li'« * LH^ 1 Ji* fcH^W O^JWI iUii-l 

bij C^ Lf*|^Wj ' i =xl(v u COS fJ J J JLJy I iJjUu ^ <Ljk* iifJUl jLd 

/ 



y = (lanftji - 



* 



2v*mX , 



(2 15) 



. 6 = #/2Uq cos a 6L ; a = tan 0. i,L> > * ojt 2 + 6* 



a* ji ^y 1 ^1 ^ 30.f Ujjj ^ yjji cifjj-j da , ojuotau^ 



[i = 0.8OO km/h 



1 jdUU JV Ji-1 
^ = -9im/3' fl = 30.0 C ; LL>?I 

V jAAill 1 1 j*j u -^ '■ £fL»Jl Jj ; J)j_r 

, m/a Jl 0.800 km/h u+SJl J^*J 4*44 jfj*Tll f IjJuJ JJ , ^ : *jW(I 
i' obW (jj *j*i^ 4ijjJ*Jl jl* jL^J jl*j Ja : Jlu 

f UriiUl jLu <LljLi i iJ *> Jl o'jiilL « L yJ,^L Jajy W 4 jLJl 4j^U L) | J1j_i 

- L ^/a'Lf lliJi'l J-i ij jUl wJ .1 lirf jUj] 4* v_i*lkli ;J Ullu : 4jI>1!I 

. f v = Luit ji 
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{ 4J&UI JkjJI oIj 5i^l ) jiLSJl j*iJI 






: ^ J**; iLuJi jLu iJjbu ^ y = «-ij Jic , iiiujijjsJl 



a (tan 30.0°)* - 



4.9 m/s a 



(800jQ/s 2 )(coa ! 30.0 ) 



^y J^ jAj I" - W*i ( .V = ,.4ll ^ LfJ * jl j' ) <*J* Jj*j ^ 
: ja ji^ J*J1 jf jjkL X ^U 4LU! l!ji-ll *Mly , "^jiJi M* 

4.90 m/s 3 

I i^/j 34 mi jjLui I j*j 

? ^IjJsJl 6*J l^*j &£•* ^ jLjtt J' &* : t "j rt ' 

jt t ( * a 56,6 km Lfr f J 5^b <JjU1[ >^)f3]^i <Jj^ L| : ^1 

. ( j - Uiie f J! <u-JL ^jUII J*j ) t *Aj> J &k 

= y. (sin 30.0°)f - if* 2 

; dJjij * = ^ J-*i 

_ 2u D {5in30.U & ) _ (lfiOOm/aXQ .GOO} 
g 9,80 m/s 2 

■ 81.5 s - 1.36 min 

JwJ ^JJI s 5ti.6 x 10' m = ^ (cos 30.0 n ) f J jjw t *FS* x 4JjLu :>jj 
frjt {j$* 6rtU-^l 6a J>Jlj , * = (56.6 X IC^iiiMSOO mfe) (0.866) a 61.7 b 

1 *^jl ^i J^ ^1 1^1 U : Jj- 
DU3JI «j_i j^j ! », = l4tf ijS yH Wl J bfi, fUJji ^ : U*]tl 

. <JL £g& SjiL* Ujjuj 4*>jj i/ y £j£ 5pl^* 

? ii^L |L j .y ^ Jf^J ii^U tfi A*v Jit " Jl> 

; y »Ltfll ^ L^k: j^ ( j 2-11 J tijUll ^j i ^ : ty*Jf! 

= (800 m/s)= (sm= 30.0°) - 2(9.80 &MT 
if = 8ie0ma8.16km 
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( iitlUll iliJl Olj 4Sj>}\ ) yjlJJl j^i 







: 2-11 JC* 

^_JI ft LUI ^ij i J$\ jjj 37.0" tyty 30.0 tttfe UjJ L^ m* jlbf 
C«j* _jj US'K-U u_s 15.0 in ±* ^Jcj ^| r i_ jjj 2.00 m sjfijl Jt 
(u) fiJWtj ^Jl f jk*j t>SjVl *Lw jjj fli! ; l ji JU { 1 ) .2-13 jiAJL 

j. f ^ ^ %^ J! ^> *-> **- r 1 '^^ ^ tf ^ * ^ «*- > 



' 



D 






! frpJI c/5IjLm ^ LdxiJl oU-UUL ( i } jljJJ L^ »j : J^ 
? ( JwUJl ^>jj i^> ) x = 1R.0 m bjui v 4*J U ii jLy *jj ; <uL>Vl 

? JjJiil jLu iljU jjJali J* : Jljj 

^ JJjklf ^j j = 15.0 m £i } ^ IS; t (1 15) <JjW< £L Jjffll jL, 
. JjJJll jU jit ^JakbJI JJLJ jtlUl fUjj^'l J| vJL l^Jb* 

? J^ill ; U <Uu ^ iuUll i^Ji Li : Jlj* 
^ ^Jjj ^ = 37.0' i g = 9,80 mfci , ^ = 30.0 m/s , y„ = : M 

. j^l &u Jj ^JL ^Uj pM ji 
. v ^jVl ijji*; J ^ #USj| jl ; J\y, 

J^ Jjl^j jL^I ^&] £, 4JL*J! »& ^jj ^LLlcl jUl^'l Ijj, - <^J(1 

j-» ** |tf* 0' ^ ^j^ 1 uX U*»j . ^ nil J± jg^N iL£ f Li=jl ; i ^jS'i 
Ijlj 1 | tf L ^ UU L^yt cCLS Ijji 1 ZUUl Jj & p jjUl ; Lb^l 

■ Oj -"ii t "^ '■ u®$y jH' ^^ ] ^ ^! ^i* 6^>[ : ^uvi 

f LiUJL |^JI pik« ^ pjSfll ^jjjf ^c 41 ^ ^jjj| iyj! L, ; Jlj^ 
j^Lj j« iiiUlj ; ( ^LjuJi UijJ jut a = 1S.0 m ^1 tiijill : Li>Vl 

, x - iy : Ij^i iSjWI ^jLu ^6 ^ m.a'I i 

: jaa = 15.0m h j,ii*,v <nj_ 1 



m 



( itftll ii*J1 fflU Wj*W ) J>W J*il" 



^(tan37.0-)a5.O m) mQ ^^ — 



= 11,3 m - 1.9 m = 9.4 m 



l.= 



15.0 m 



o coi37.0° (3O.Om/nX0.8OO) 



: ^ ^*;J1 lift ±* 'h-jJi V- 1 ^ 1 ^V^ 1 - 3 
u =u n sin 37.0° -gt 
s (30.0 m/s)(0.600) - (9.80 m/s 2 )(0.625 b) = +11.9 rf 

■ irk* 

. ^| jjj 26.4* UjjI ^ s - 26,8 ni/s ■ fy*)fl 

v ly^j U*, J i£lj i ( 9.3 m } $&j1\ US 

, 73.2 m : tyf$ 

. ' — 





v >_u &ti JjjJ id *>* w *jtt ^^ (v) 

*l*3 J yJIW hlj 5^ M h **jJ yfc » U ^J- 1 

, y kji ^frj^ Lij»i* {i&i} ^ 



¥„i^jjJtfij,ljV| (ilrfl 



> 
* 

5 



J.oJljLJLb^. 

v 

/ - 1 - 





M 
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{ hM\ iI^*JI alj ii^J! ) ^lill j^j| 



Squill hjj\ : &mj J ^UjJ! ^ 2 _j i 



Sjilt *Jl» jf ljU l> jft, Vj lj lll» cL^I ^ ^ ^1 jay, ^ 
=L* u.ji, L^jJIj i | 2-14 jiiJL^ ^11 VJ UJij , J^ ^ y ^ 

*M ^ J| j' »1* ■ j*A jj#* »wl jUi ^ j^ j^ , s^ ^uui 

J^ 1 j j^ 1 j^l *V iil yl _<^ B^iL- d HM\ M j| ^j, ^ J 
O 1 M-* JULj . (v 2- 14 Jii) jUl sUiV ^JL Ljm <yfy VjUJI U*jL 
Ji ^ Ch 6i>kJ[ *LUi i^SLtfl »U3I jLlil jCU j^I ^ gyh ^ iiji 

■ ^^ <r* ^> ^ &* fip" '" ^*j W J* all -»j^J . *>i 

B ti^* 1 JJ A I* lijii (> (J&-J &Jjfc$ by lyth <JL> JH*S" j>lj| 

i^ t LjJl u^ Jj^l - ib^ £$ Uj, t^i , ujji ^|j ^ ^ ^ 

V v k.~ v „ (12-16) 

: 2-15 JSvi . ■■ ,,. , j ■ 

■i .i_»s ^fcjj ^ ¥p . b ^ »UI jj L.JL ^tfjl bj- JSJ v t i,\ iJbJI =ii ^ Ju^j . v 2-14 JiiJU 




A 



v=v +v. 



(s-a -16) 

; ^Ij Ij5 i£j±l\ ^t yiJI lia JJ^J ^^j,^; ^j 

jl VjL*) 1 *J jir^i 0' ^^d dill J^l Im^j v^ j'l^jJ ^ J jdl ^ J 
■ ^ [ ;J ^^ ^j 4*^ ^^ ^^ (2-16) ^jLuD oL^oil 



: 2-2 ^jawi^jjtU 
uLi yjltllj , ^Jl oL^-Vl ^ 6,00 mi/s ^L: T 2—16 JiLiJi J jLjifi « r 



w- 



\S 






( iu&iil 4l*»J1 Olj ^ ) ^1 >ftJl 



»UI jJ 16 mi/h oji Jiw J^ ^6 JS Ijli . B J^'l ^kliJl ^k l^iL 

V L-ijW <U>y uJ4fu Loll iJ Otlj lS 1 ^ ( jSU* 

lijLJj v, <*wJl nA*li jam lSjJI y> B Jj A Oj iUjJi ; U* ; kiWl AijjM 
v^ ji Li J k liLylj (j(j£i It^m v [>jJj . v A . j v ri , uttejJU ^Lw^l h*>Ji 
jiLft luLc j— . J I ^Lij ^j, _U Jt-ii>JI d_ii*ij . L»L>0i tf*J[) IjIj-** ^^J** 




f 2-MJCA 

i*MM*it<j?04|JJ>44ii*fi] 

ji^L ' fl y_J) ;1 ^i Jju jJi IfciC 

. \ b e 1S.0 mi/h ujiii kj« 
6 vJ-Ul ^-H*^ Sljlj LH^ 0^ (9) 

v ji Udj JL-k'j , i^Uj 

. v, cor fl = v j 



v, sinfi 




. 10.0 nil = 10.0 mi/h jSjJj s <tfjJl jI-ia* Jjju^' y»^ j*"j u44* ^1-2 
i_j Jl ^Lt* iliiljLj ; Uuru Cju5 ijjjl kvJI <jIjj j|>i 'l-ujl V yi 4*iil *-jjl 
<J»kj jLwJl sLxil _i ^JJ ^-1* '■*■>«* U£^ U*> ^S^' 'j* J^*" r/^' 

. e.uo cm 
. 15,0 mi/h jl t v A jIjla* JJ*j LtJaJ uLjy ijlb v K , **ill j-lj <> ^jl.U 
jJjOij , 15.0 era ijiyi tit jJ»J Juu ufi}H>Jj*l\ m Ji l^^* f'- 1 *^; 
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( Ufutl 4l?*ll ujO 43yJ| ) i[£j| J*iJ| 






B, sin 0=ii 



Pi 1 5,0 



V-fr) 




; v^ jljii jLkj] ^ lii,, 
i^> v h tm ©-(15.0 mi/h) cob 23.6* = 1H.7 mi/h 
iM J! J- Jl wjUU f jjU| 50j| y ( ].? mi ^1 ^ £ (i | . ^ 
. 32.8 s ; LLjYl f ^| 



, Ma Jiji ^ ijiW 4yf 44s* ( i ) 



: 2-12 JU» 

<H >k! .jl ^ Jj « ^Jl *lj^JI J m mi/h J ^ Jw l ^ ju, .^ 

yfJ >y I &iU (3Li , ki^, JUjtf) jl 325 mi ^ Ji ^ ^ ji &J, 
Uj 4JJ p^UJI i^jj ^yi it^j j* Ui * 25 mi/h l*i^ 8^. JjJl s LkJ 

U» .j— snJ-^J 0% » *UI ^jiil Jiili J Q L^ ijju, ^ : ^L*Vi 

■ J »J J! ^^ li-j 2-17 JUJI ji^ . LjljJl ^ ili, ^ 
ojjl IjIj , SjMJJI uLi ^ ^f JUi Ljlj 6 lU^t) ltfj\ ; LLyVI 

J* f V^WI !>->!< ^ ^jyj . B ( D 1 ^ll J U50 ml ^U ^i jljj ; Lb-^ll 

. * - 350 mi/^ 

? OU JJI ^ J^ ( ^j)l ^ oLp^ll dt^-fit' ; ^L 5 - 

oG iL^ «5U ^ ( J3.IJ ^ ^i j^J! ^, } yj ^, ^jg . ^^^| 

, ii^lf jj*UJI V L> ^ i^^L i±J±ll 

-ee- 



( Umll KlpJI olj tf>>JI ) ^JliJi ^il\ 






!/_ 



sinff win 135" 

25 



J> 



aiiifl= — I sin 135 G = 0.80 a = 4,61' 
= 1S0,0° - 135.0' - 4.6" = 40.4" 



sin 40.4° sin 135° 
l*_ljL Jl>j Oj^ tiill 4»jJ'l £ji B&j - f f = 0.917 y p = 202 mi/h ^U ii* 



350 mi 
202 mi / h 



" A J 1 , =1.73h = lh t 44 min 



jj*u ^'Ul iljfJl ^ i^Jl ji £>1' 



- 350m j 1 = 1.59 h = 1 h, 35 min 
220 mi/ h 



JuJI JUI 



; JU Ijjli j^f yi jJjij J-aill IJft i*pl Jj yll 
, j*Jl JjjLJl ( _ft) , iyjUJl *JUj ( J ) <r ii**Jl (->) i «j-Jl (") i S^jaJI Jj« { I ) J^-I 

. jLil j3 iJii> J I ^it LluJJl ltjJ\ (o) t B J[ A &* <SSij» *-^l (-*^ i^jyil *#jJ< ( 1 ) ^lj ii^b j^j - 2 
■ iKj" if ^^ "^' , ^* i ^r**^ ^^ ^""j °^ 3 *' 'J[ ^^ (i' ^ p*^ **y v^-3 

. cjIsUII eg* jijiw i^i i;ttfj i Ijj j^ijll *jrS) <^**J* ^J^ '<£j>$\ cj^jLw LUi', 5 
, ^JliqiJl L^iLu i+Aiii "d^Jl olj tf^ SiLuil ^kj-Jl JiUl >-fi 

JS jI jjj 'Oyjw ^jljj yjjll i^y«u jj Ulii? OjJii (ij) 



-« 






( UiLlI S.UJI oU &j»Ji ) jittll J<wJI 






: <LuUi ^j'jflj aiujtu 

■ (u)4ipj|jj»#k-j« 

_ tSjlrtll 4JL4I 
*ij*Jl JoJtiJawili = U -■ ■ = — #9 U 

jiHo.jJi t [ } 

ik^i UjJf= v = — - — — _ 7 ( 2_2 } 

U*JJI bvJ.' igU kwjSll bjjl ^" iJ! ^ 4^ ik.>Jf b^Jl LjJ^i ^Ifi ^J] ^j}| SjSill ^ U^ 

. «*!$! it*Jl j« 4*jJl jUjI : aUu^l _ 2 
P J ilS IS] ^ tS^O, ajfc p^JI $ 4j#j , a U^I ji jljill ^ jjto J ^ L^jj ^ «jj| J iu* .2 

, Luiit LplLfcjl il 4jjij_u ..!_!.*■) 

. *J5*1JI Jb 
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( 4*]ull 4l*iJi o\j W_pJl ) jilaJI jdiJi 



x- v? 



1 



(i a- ii) 

{w 2-11) 

(J 2-11] 
(-» 2-11) 

: i^y> 

. LtjLJ Jiii bjJI dLjJI j*L jj iLnjJIj * llijlju JlJ ^j-iU ^SUil il^tfl i ii*jJl . 2 

; Liji jlLull Jjjull 
( Ijiil IL^c j^jj ^ ) i^ - v g - v . x LiTjil 



v =±<v f +v„) 

«* - U J + 2«* 

sr = v ff f + ^ a* J 
4 








*=B„t 






K - D > 


»,-i* 




: J *#l 


K,=o) 


y** s fj* 








V fl Laijji Ujmj 8 


Ht'jrf 


jlkU' iJjJtll 


B f - 


Uj cos #„ = constant 




* Li';i 


fc?j=0) * = 


(i/fl win fl ) t 






i; y = 


WpSinO. -g* 




:y-M 



(y s =Q) ya^Hn^Ji- Jf* 



}'-(tanfl ' }*■ 



v 2u{w8 s 



(2-15) 



<U>)L> 



yijifl Jl i^i^ tiytjrf j^Sj V h , LpjJj* rij jl jljj J^j ^j ( v jl ) V^ L*jj3 h{£ ^^ i]j*iil *jjUsJI jl yjl^l 



-ft!) 



( Usill SJ**JI olj ii^sjl ) ^jQJ! jjiJI 



v ~ v , +v, 



J 



V=v, +v 
s w p 



v j'j**j v^ pL>j1 jUuI ^j i*ji-4 v sUjIj ( v_ jf ) v h jIjLj v w IftjJl Liuk i ji „ 2 



ilLl 




84. JU 



, IjL? u^J Ul^f ^j IjLb [+j3 ^*J| li^v ;,^l> iJbkJ %* vj^ 1 - 1 

r 

. dJJ -j^l ? <Ol*j: oLsJl p, UW ^> Idj^i, bL»jI uj^i ji j£»j Ja _ 2 

^ j* ^ jj* ■ *tjWsM ^ jy*, ^ i^L, UU ^ fcjll ^i SJIjtf iWlj b^JJ t^kkSJ iLj p ; | _ 3 

, jJjUUl dj_A1* 3j|> a* jjjLLJl sfi fjlUl *jUaI1 

4_fj«( jbu jji^ jl jiu (*_)} . \jtHt iijJl jIjaj ^|5 Ijj Jfr. ^ ^. 
jW-4* Wj— , jj_£ j[ >iaj (_*) , ijA&i ifcy, ouLS <jj jl> 4^U •_*> 

^j— « p— ^ JkLsw ,jl ,ji4J ( J ) . !jij o-^jj Ajl^f iz£\£ |jj JL* Ijla 

_j_i US uSFj* *vlij LfJtjL aj-I (> J, LjJ J» J^*S s_^L) kj^ji J> j _ G 

. ittify m i£y>}\ si* J^ . 2-1 p JSJI to 
jL-jj ^ ^ gljjJL ijjus 100 m 4iU( IL^liJI i^jilL LllL li^U, 6 
Jam k-ji* ; jj l k^l ^iJ| ^ fcj tf 5JikJ| ^ ^15 |j|j i fig m ^j;^ j jj ^LjuL _jjj jjiljjl 1+Lji) 

.Lo^^U L^ltuiq L^j^j. 

^m*v ^1 ^WII oWfl p-ijl . iijlj J I ;U ^ A 0j J »li3jl jl J^y H^JI ^i ^1*1 JJ Lljj ^^ Jjj . 7 

. ( JjIL a . t ,jf\u v t t JjIL ji ; e |^J) ^i jj^l j^.j j^ ^Ll- 
SjLij iJjjS ^j f ^iei JJ £Jj LJjjiij ^jJ! li* o^i L*^ ^ L U p* <l*f (} ^ b& V J'' »=**3 . « 

! llLLl, ^ Uji: L*^ p*.'| '&>* jii; J ^ Ja f ^j*Jl tU^l JLc *!**]! 
jiii ^Ul ^jJjM ^ L_JJ Lujyji ^jiJ! k:| . ^^1 ^ ^b l^J ^j., jj^ yjf ^ ^ ijjjbjjl <Lv> . 9 

, ^"H jJa- JL Cwlj j^LUf ^iiJj^L ^JlH ^k_i ^jic u^ij ^isl jl Lfjjl ca*3 J^u^t &j5 ^J J-cu jl 

, ^ ^jJLxUi 4|}jJH oUyi ^ ^#jjl J ^jiM J ^ LJ Jb Jj^JJ J4>j J^ii 2-8 JUl JL>: J^„ 10 
ijJ^j jiji ^ jLJij ^Li ^il^l jj jfliJ^ iLUll ^j . rtJljlfi jL^)' iLLu il_ptUI ^^^ ^ >Si . 11 
LU^j ^ Jj v JJi J ^«JI U . ^« U>. jl^ cj-* £%l Jj jijitJI ^i ^J «L* ^ ItjM.^ 
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( hm\ *wi oij iijpOi ) jitti >iJi 



JjLod 



JfLTIl'l 



2-5 Jl 2-2 6* f ^ 

U .jg* 3* 120(1 lijAS. Jj^jii Il,.1j Jl Jjj L - tW^ &* «Ull *y iijj &)% C«* L V 11 J;"-"- 1 

* m/s oto>Jlj *,' mi/ti kiiL^JL ifylDI i*j»* jIjju iuvjl* 
,*k£ jSJ ■■■Vf-n'l m Jil pMJl ^jj| U . 2,99 x W m/s Jx*> tfjjsu olij^l jUw ^L^-* J*« - 2 

11 (3.0 mm UjJ oU> 
iiLiJi Li ij_j>_jil sj-lU iitUl IlAJL *duJ* L^jjt jl>I ^j l-JsJ j-* jjjjJjJjJI i^JI ^J ^I^Al^l i'uj'i* - 3 
^JJ tjlUI ^jjl Li i 1.25 x 10 H m/s U,J L^ li*^ atigiStyl ^^ IJli . i^SU >^l J>JI jj Wljll 

? 1S.7 cmj*jjli irfljJl l^i-iJL ^ jlL^ 
^a-JI c**-j jjj j.lj jap b^ o*Lbi Ijji . I^SB 340 m/s U,1jjL <£j-m j^UI *-'j^— '!■ ^ ^H 1 4^ - 4 

? JIB ji-^sll i^UJI j*j Li l 3.5 s jy ji3l *jil»Ji 0* ^- jijdl1 
tbtftl jJ 3.6 cm ^J j j} jJJ ^jll «L*flll ^ 9,6 cm uU liUJl J* *Ui i!j*s #■>#< ljUI J>i j* - 5 
? <5jjJl Jaw jijis Uj V !>*>I1 li> J^* 4t-*ill **jJi L . 3.9 a tjjl ^ ftg J dlj ^j * j^-JJ "JLJl 

1.5 mi jj lip 2,2 mi 43,L-* s jLd 4^ fJ*^ JJL* >- Jl Jwjif - 6 
. 21 min ii»j]| lit j/Uj i jjJl yy^ 45 :J LjjJ *j*I^ 3,7 mi •£ Ui» 
f ih5j* Jjuu LjJ Lj \' Hkjjill JJlCj-i 5jJ j ( I ) 

tUI tk.j*Ll Uj-Ji a*ji . &Mte* J ikj tf>> 2-2 f J15M Jly- 7 
t £ J! C 6j (_>) t E J] U ^ ( V ) i £ JM 0- t " ) <-V>i ^1 

i*jl . x jyJi ItfiJ-l ^J* Jl** gl* J* t^s* *ij» 2-2 f jlilt.J^.S 

i £ Jl D jj (v) iW J! B !>■ ( I J "^^ *^ »j-^JJ ^J^ 1 ^j^ 1 

.B JSA^j)! J) JA>(^) 
^^^j lijLi ^1 L+jUj ( y,4 m/s =jji J jjwj wi iJj^j LiJoj 4,2 m/s sLJi ^»* Jj*« j>>JI «kUJ jjU , a ■ 
jJJsL ^*; j'ui L Ui^iJl ^ ji LLJ! *Lii Jl 5Luj /,! L^Ju i_jJL Ijji . <kwJl y*u ^ iljij) 200 m Uji 

f ^L, JJ ^5 

ji Jj f) 5JLJI J <&4j J^USI jijJJ 4Lj^ ila^ Jlii- 10 I 
^j Jy^ ik*J j# ,jS^ JjU £t iJi*ili ljJJ jj {^ jDfl^ 

, ( iXli' 200 in oUl ^LE lSjU J Ii>V ) . s iiU* j;U 
? Ia, ^1+iSl Jl u%u i$U$ J*^" ^1 a W ^ 

iJa>J]l L^j—j IfLSlj Lmil Li*j" 'j^ 1 J^ ^i^ 1 







■*> 




I (t 20 

ImilD^nJJJb^jil 



l-9f Jii 
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( i^Ull il*Jl «|J fli^JI ) ^QJI jjiJI 



* (cm.) 



2*>i— 



1(1 - 



J*>U 4k,jiil b,J ( I ) . 1 1 Dull y yi jtiil Ml 4^JL JL U 4*jl . 12 i 
j ( = 13.5 mki j_is Lka4li 4*jJ| (yj ; f = Umia jj ( - 7 m j n ^ jjiji 

, f = 23 rnin & 3Ji>Dl itjJl (_>) 
3k-£ll UwJ! jufjl . a jjjkJI UiLJ ^ ^ SS^ J3Uj 2=4 f JiilL 13 
. A Jugtj D it Lk*I]l LcjJI &J i>ji , C Jj A jj ij^Jl J}L» 

C jJlpj B jJjs ^yi J*jJlj 7) jj C ^* S^il ^ <k,j^l tfjji a*jL 14 

. ^ 4 r JiJjl ^ [ ^L« iiljj tf j*J dJjj 
^Li'i t 13fi m L^Juj SiLII ^jikli <> jjsJSll jL^J LiA>i jjaJl ^U5 ij^_ 15 
0-» J^ J-w U , 5.25 m/s j3-S< bj-i jIjLpj fi ( 75 m/E Ujo-1 fcj* jlj^ 

:> 1.56 km bji "liL^ 4+jlo* L^SJJI oili ^ ^i>J ^ . 18 j m/s UjJ L-j^j j_pf cLn" lL>b jj-J. ]fi 
tfjUii J ^j_i, L^LUL SjL^Ji jjjj ^ ^5U| ^| L, . 2SJ m/s U,J fe^ j_>JI yo ^ S^ 




2-4f Jtt 



2-8 Jl 2-6 ^ f L&1 

ikijXll il^l JUJ L . 5.77 h iji ^3 J^i 7.75 m/s Jj 2.18 m/a ^ -^ ■, j^ J? t*^ ij^ gjUE- 17 

i^ikJJ ik^i iWi i>j| , 52,5 a J^i 325 km/h Jj 460 km/h :>. 1*3^ JZi Ol* Li. J iJlt ^ . iy 

, m/a 2 oli»*JLi 
<k-jlll iLuJl a*jI , 10,8 s ^ SjW* J5jB ^ ^lyji Ji ^Ul J»J , 23.7 m/s Ujj3 b^ tfyi SjU . If) 

, LUi jImJ ,jl JJ **jlill oLllj ^LJ 
tirfJ ^_w^^ LUJI UJ U . 5,0 e J^i 200 mi/h Jj ^^Ul ^ C^W J** ji js^ ol ^L^» ^i- 20 

! ^}JI lis J^li jjl^Ji lpl& ji\ iiLJi ^ L, ? m/s! olj*^^, Sj^JI 

IU-JI a*ji , l^jjj JJ 4.33 cm ^iU LpiyiLi Sj^ 220 m/s UjJ ^ tf^Mi ^Ljj UtL ^ak^l . 22 - 

L* ,J iiU* JMJ^ 1.25 X lO^nVs JJ ijSJI (> gLa 3 tfLJI ^ U/J jjU15" jjjjLt i^l J cDjjSSWl . 23 ■ 

p oU^^J *L- Jll il*-Jl i*J Uj S J^ *jiUl fr$\ U . 1.12 cm 
L ! &j.Li — Jl JipJ pMJl CmjJ' >J» •!*.( i ).. 2,27 m/a 3 Jj*« 22. fi m/w kji Itj^ iSy^* Ii»U /JsLu _ 24 ■ 

? JjlyJl ^k ijuLiJI jjv v^l viJj J^> b*LiH iiUI i. (_>) * Ji^l *l^1 L^^ ^1 uUI 
. SO m/s o ; i iSj» Jmaj tgJw o^-j>i 2.G4 cm l^i-, ^i* LXj 1D0 m/s Jj«j iSy** I^Lsj iiijj*l . 25 ■ 

. uaj&jj >U Uj^ ^U)i jill ^jJlj l^UjiJ ib*jill <J^0l j^J 



7a- 



( 4dkull 4l^iJ! oti 4i>J! ) jJlUl Jjill 



*i_>> Jjw^ 3jrfl^ JlLWI Jl jriiAwj j^j* -^L 5 ^ jtjJ*^ 81.5 S tjjJ *£j?- Jj*4j JsUaiil ^m 5j_5 Jj>U _ 26 ■ 

. »jLd' tljii iSl\ Jf SjJjJi ^Lwuil iL^Ol i>jl . 0.1G s jj«i^ JsubJI .« «jLu!I jl y£j^ . 28,5 m/s ?jj5 
J* 1 i?f> km uuuj jji *Hi Jl J^g ,^Jf ,> «UuL ijUtll f jLi . S li'l -ui L 5S0 m JiL ULL5 j^J sjklii - 27 i 
l i_J] i .i/Jlf Jj^j* xju jjJJ! ,*JsLij Jj Bjj_i-^l Ojull Jj-ajJ ipW j<ijl *i L ( I ) . f)66 min J^ LLJl ILj 

\ j_jkl! jjjlii J] Ij^ll LjaJI JjJ IgJJ^ j'J»aJI *#j- I* (U) V ^ , '+ i ^ J J &*** fljJjliJl J u^/J 

w*jjl oyJi ji 5jkii* Sj,L* jiL k*i iSj^Jl J jUmJi Iju Uju*j . j_jJ» /J*& y^L jLtiJ Jj^i iyJi jlii _ 2ft ■ 
L ; 4_lIj ti**Jl ji yAjfy . L <J^'ju jILaJI iL^e jl^-j1 . L LfJ J? jjU; *iL* xJsii lb, 8 s jjX^ jLk*Ji <> 
* !$jhll jLLaJi- Lli &»! > IjLlsI i*H3j ijkJ.1 ijUJl J5L jlkJI ^ Ly 50 Jjl ^ jSi iflii jjjJI ** 
D20 m «JjL IjLU ^H & SjLJJ *fll\ ytfi L , ijjy* 4^LsJ jlj* jjjL J 27 no/a Jj**j ij!^i ji-J. 29 » 
* Lf*b»jl ^^ ji (lj) f BjLJi aL*jl y-i; jj ( i j Kj*i* jLLjJi ^li ijj 18.3 m/i ni*^ 

[jjj i^juLj Jj-jljj Jj*lo Lj-^jji _rf> ikJJl yjj j5j , 2.44 Dl/B LijjS Ubijj jj£Jl ^ ^j> ^J^H '-"'•^ - 30 i 

H> ; IjO* j^ ji uj^j lib . JajJ! u^J* j^LxJi ^jJ I*jj j*^i oj^LJI 0* J^ Jij 2fiO m Lfb ii'UI 

2-9 ^Jl 

(.jUJIj L^liujl Jjl* ^_jJLftJt iji^ U . 21.3 m J&i frjUII rt" 1 ^ /*^> " s ^ ^ C^ JjJ^J yJ" v^^* ^J - '^ 

f jjLJl 4^ J| lJUJI Jjjj JJ Kjj^j »j54II >JI Li ! ijiLu 
^jji^l jjUl jjt^ fUjjI ^i ^ie . 1.32 s jw ^1 J] cJu?jj jKU Jj^ Jj> iU» j$* t^ jk |> ftLi» ouJj 33 

? *Ul mL J] LjJ^j ^ StUJl 4*^, L. I *Ul J^ jji 
v JjjJI i ijj J JJ ^1 j^jj ^^i ,j! jj 23.9 m/s Ujji IuIjO^I <*j^ JU=i JJ l^K Jy«* SjS oiJi, M ■ 

V ftijjl jjSl Jl jU jd IjSII ^yji y*jJl L, 
*JjUI o~«jJl y L* , 18.6 m/s UJok L^ljLl Isj-j 26.0 m uliSjl ^ U ^ ^bi Jj iLlj j^> J3l.» 8fi ■ 

f t jta ib u* j% uikj! jji _^sJi Jj>jj u_^ ,jL. r ^i jj ^*Ji j^sji 

jj_S]l jt jT ^.Ji^ j*JkJl ijSJl tj^ 6* 9^3 B Juuj , J*l Jj U-.I; *^*ii V^^ ^t^' ^ ^jtall VJf* - 36 i 
AJ£ il^j-*^ ij-^1 ^J 1 -^ «*j>-* Jll-J f tj^l ^-*i flijjl lJI Jj . VJ^' ^' *^ "^J 5 *£$ iSy-^i y«* jk 

jj^Jl U . 8.8 m/s UjUj Uj-j jkl J! iLij Ljjj« il*i i*Li 22 m tsliij! ^ ^ ^1* «sij alii »niji- 37 ■ 

¥ i^iLu jj-jS'L l+*liwil JJ 3J**JI **L5 «j_i L ? yjji( JJ J^jJJ UaaJI 3jdd 4i_/j*.0 ^jJI 
yj 17.8 m fUijI yjs J3b iiiU A t ^U ^ ^i 3.77 m/s l»ji ^li ^j-j 1.9 m *J_jls y*l j_^. 38 ■ 
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( futtli «l**Ji jU iij^Ji } jilffl J*iJl 



^jjjl £jj i,Jjuu U*p UU iljll olLaJ 3.3S m/s Sjji c^U i^» J^ J*l Jj J^i lluw J^LJ 3^1 . 4Q ■■ 

, 3.5 m/a 2 jjjj Jju J*i jj Lijj 6.U1 <£]* 4 iL*Jl i*y WLJ iK>J j llSL j^l &1S IJJ 40 ilLlI j^. 41 « 

2-10 maII 

jj* LiLJf ii_» i£m!J> l*ii*j , 6j^»Ji L-jj! J# cujJj ^i oWi jj olrfji oijwj «iu, J* Liii LL ci^frjS-42 
flJbbwl ^jJt^ Od-J "U^liJI oUil U t 1.20 m &j_iiil jliiji #tS IjLi j^ii a^ IjJill /^ ^k2— i UUi JiUJ! 

? Ll^L ^jSI ^IjL-J ^ Jjfi jjjUJI U J L^jS'l J± o*i Jill 

Ujlui* U^ i^JjyJI Liji *l — Li iJjJLy l 31 m <ic JifcwluU >UJ Juj U ,> Luii iLLl jlty \jSJu »jJ>j>_ 43 
oUjuo^JI £i IjLi till jjAft) ; .^mJ; ) v JsiUJL till .okrfj fiM^ 1 '**£ Lijj-*» o>; <iLj ^i J* . 6.4 m/s 

jy 50 J 4jj1jj i+>^ *ijjl pj^dU jLj cii'15j 24,4 iii/h &jj3 i£\» J^uu iLj-t J * J1 uj* 5jlj u psjli i . 4i ■ 

U (V) * jA^U^ifULlJ^ 1 rtrt^fl iijJl uj LA; mijJLl Ujil l^JL ( i&i ) iiLj ji J* ( i ) . ij^l 

^JL-ii i Jjtfll ^ij i 200 m/s Ujjj ^Ij^.1 Uj^ JSVl j^ 3C" bi^ji J^Jjj lijjL» ^ilLl iii\ jij^l . 45 ■■ 

V i-'l^ii ,>3 Uj LjjiAli .^x, Li . ^r/X 1 )" ^^ Jiy— 1 ^^ ^00 m i*j 1c *1> j'j 

^Jl J 2-5 |, JLALh i^ILS o 1 ^ $L- -4jr-4« 

4-la>J j_S <iy>JLa LjL>jJI i^la'l ^i£j [jl imi^j lc_. 
! WJ I tv>JJ ji> <jajj L^5jJ 

2-11 f-*ll 

t 75 Jiii/li Sjii J±j«j ji'L—ll tl^j! ^j jJsj jl 5jiUaJl ti* t*J*Wi , JUJJl oL>j u^-y jjLfjfjjla SjiLt _ 47 ■ 
L* ■ l^^ 1 Jl *Jt—JJL SjiUail Itj* Lyj U . ao mi/h Uji Wj-u Jj«iJI JUJI ii^l ^ ujljj T Lyi eiiliy 

f 20 min i jLi^uL^Jl LpJUi jjl yLJl 
U^j j^J-ij jl_j ( li^lj *-i-iil lf ii SjJSLa JjLti aE Jill itHJl Jj y^G J I^jj jjju ji jj^j «^l uijji . 48 ■ 
kjl^,; jL?jI ^i ^ ( i ) 1 2,1 ffl/s L«jIj^ Itj- yjlill ^Jwy J^ju*j yl c«Lt ijli . 0.85 m/a j^JJi ^ jLJI 
JJJI jjjJI Ui . 4G m j^H ^j* $£ IjI (i_r) ? t$y>^J *Lftil J^ UU3 <Lliil Ikolll J] J^ i>. i_ijliJi iA*y 
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( Srf&di ll^i uij iSj*ii ) jm j^oji 



jUj , JUJ1 v / 25 u Uji ojIjj DjittJI c^j , fiSO km/li kjliL u^| c>SLJI «l>fJI ^ ^W L^ V^ - 49 ■ 
v Jij*i^l lit wu-j Ji\j SjJ <^Ji r yi i> r u . JUi v i Ifi* b» ai 4^ J^aJL jjfc t#ii jLUi Ju'J 

^Ue ^-si &15j t aSj>\\ Jiu ^ j4-j *jli- LLuuU 95 ft/B Jjt^M ^ g4jt ^ JijW *j8 dDi o#j3j1 . 50 ■ 
jj\ L* . Lliui ^ L s^Jj ui^J Ji*lj» jl* lijiJUuLaJLj ^ Jj3 0,40 a ojjj U*j dSjltAJ djj£L«tj 



fy =7Sii,i,'lir 

... . . 



M., , 



, .,.: - >r . . ., ■ , . , , : 







j i\_a ■■ ■ ■■ i l j '.I 1 1 u 



j^jj» &J J_J1 *_|j JjjJ J*( ji* &>i DjU* J& - 51 ■ 

il* j t 75.0 m/h sjji Ja^ £.;Jl ^jjJJI ^ <i>a* 

SjU Li^* ^1 ^L5 i:ij . 2-6 r J&Jl ^ r 

4 v^ &^ ^ j_v ji ^LJ , 28.0 ft/a lfejJ.ll 

Ji -lift!] Jl Jj-e*ll itjJJl J*j iljl IJj tjlxJl jjfi 



2-fl f JSi 



fj ^UjJl ^ oJ«J pWl CmjJI ^LiiJ JLLI uL f l.i*s_^ ^ jtojl .j-LSJ &> ^>i J^ C j33L 52 
ji 0.109 s jjrtL«j ^UjJI 4*fe5 &! ^ jij , ^/i'L ^Ikijlj Jjs 1.5 m >< g&? ^ ^i i*i ^ ^M 

V ^l ii» ^1 L. . tou ^ > 1.5 m >T £&i 

: jljillj ^ ^jH\ J! «j2l J^y 






UiijJl LkJJi Ji i^-Jlf Ll*j% ^LwUi jJj/jj iLu jl Jf , LjjJt Lj-iji Ji S*}} 2 ' GS m «j^ ^j 1 

? JJL ^"il w^il 

ji ^ L^j . 10 m jlj^ 4.1 Ju o» .j*/ IA Ch '- ^ ^ CuW i* t^k J( 0- ^^ ^^ - &5 ■ 
Bj^l j^*JI U^i\ **+} ^L^ p i ijAp *Ub r ^j1l! J^i \+l*£\ Jii\ l&tf jii JI 1*3*^- *B *Llf 

. i^LJI ^ j_^ J^U c^s Uj^ j» fjU ^k- Jji 100 m L^LLfjl *o*Ll* l*w ^ Ifilj ^S U±* . 56 ■■ 
^liyi Uj^ Jt\ JJ ilwij j*> Jiij djJ^ ^lJa^ fj'UJl ^ Jilj ji^ f LS j^ 1 J" 1 *-! "^^ ^ jjj 
Ij^JI Ujllj jij ^i^i -5 ■" kiJ; ^Ju HiL^I jb j^j^ (J«^ 1 0» ^ - SO m/s Ujji 



75 



( iutiill U*J1 olj Wj*J! ) ^ilill J-diJI 



ty^ Luis ijlditl i)j>,j J> (^-) ? uIj^jJI »jUli ^ (v) ? uI^jjJI fjt-wj pUJjl ii^ jl*.( I > : V^ 1 
, a - -32 ft/s* 4i*jill jlc 1*1 ^U; ^ij a =24A&* l+J ( &U ) ii** ^Jfl jL_. ij+* iM J ^jiif - 57 

^jLrtJB ^jl-ijvj JajujJL Jull ,t_Jj 4j^U JjJi Juj J - mi UjJJ «L* ,taii pi j_jiuJl ^ Up £l ili* ^ill/ I Jl* 
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jjj UjwJIj kj«Jl L-iiliy Ju^ UJ jJ^JI J**! I jj 

,"J pi ,'>u!ii j^Luj J^J**' jJj Jlb-J ■ SyJJ 4>j1' iiv*J^ 




yi^l^ljillJlMSJiM 



. j-jyj jJ^«!jj Jy^ *aU1L* Li ^jjUI j_i n> J ii LLl J-uIa: iLjaJ I Lui JaJji 

*L*^1ll f jLiil h*- t-i-"J ^ j^ 1 ) jjJ^' jj^ {}*** >J^L> jjk ft* .v'-" 
jbji «_* /fiLilSMl ^ii» 5iS J> ^tiSbu oJjLi Jj . oS/il jk- > y^ffL USUI 

. Ml jil^ tyftll) yWl j*£Sfl 4-J. ^ *JU Ji' J ^UUI c^jSiJ! 
-77- 



{ 4i_pJJ ji$x, jjjijj ) ^lUJi jjiJI 



J! ijj-a-ii Ju^ J-^j IJJ >0 ' jfl liWU" j^j ■ >*WU- j*j |j^> <*#kJU L^L-I 

ij-iijj ij^JI jjjy jjjl Jlii»*M U « Sjj f <j+^ Lvlj di4*j Jj jls jiS-Jl 

us 5^ %ii »j£ii oils us tji ji ^u jbi JjS . jAi <*M ^ N-^Ji 

jl j~iftJ 4JuII tuJl *-HJji jl .*Ji . jo^J'l J] J.JU ,_i* JJsl Ijji ^L'-Vjl j vJtLjl 

4J[i Oj*+ 5jis jl >^L»JI jii jjjj J Ijl 01 \£ki+ j*jGum* 3 Jill <i^yjy Jsj^W u^ 







^ 



3IJJ1 



jj*fliJl ijjj J ijj^j jl 3-2 lull ji (i^i . jjljJl j_j*fl*Jl iiJyw <ij>J< 
, iSj»jdl Jl iiLj)'b JJdUl *U*ty o^M 4i^li jlSl lijj Jj iv 

iL-LS.'Jl ; M e-J ^jS'l Jl ii.-J LUlll iL-a.'Jl jl ijjf-ill *k-;i *ij jjj j* 
iLwu^-Sl J_S jL Lk-ilj LJLy! jjji jLi 3*yL> ji 2-9 ^j|* ji Ijjj jSj . u^ajhJi 
, fU>j ill ;jiiij jj *ilLLJ Ij| i^jJI sj^J jJ j^' "^ J! _L*> L\Jlj i Jj*JI j*^jj f 'Uj> 
j! (ajLc) Jj-j L^S jj-jUl i'wJa j I Ou: Li jjaj jl LLb J_i_J I j» ^ 
|ju> ^!Li* jiLUi ^Ajjj jjjJl Ujji j^jMj i ifcjwJl j* ^I-iMU 3jji)Jl iU^il 

i>s*i . yi* ipiyji jiLLJi _ jijji «iiut ^ Ui«j L*«^ jii ii» ^is jjiu . jj h 

. Lf I j*1L J ■u*il> ij.li ^jiS IJj L if iL'J <Ji*l|j t liliij cjLjjj Li_u jl 

Lfj IsLwj jjJl li^JaJl jJ j-jUJI JjLJI jl jj LLiJl *j_* jJJU ja>J jj_i 
^ui^j j_Lu aJLfl*Kl Ijj ji Jj , tl^JL JL£^-^JL 'jjjjb ^ji p iLls-S'I 

|j-it . .Ll>^ ju^J <i»1jj 5j>Ij ^Oi jl 323 UjiLJi iL>!il J*L fl>j iilll 

oljj_JUJl 1>Lj 4 jjj^SJI j^JiWI j-ilft ^J JiULs - fUflJL^I O^jJs)! ai+J 



LI j^ljiJl jlil ^ 



' ^ ;: LH J^l JJ_J| 



J 511 



,UI 



i.uU.n ib JsJJ 4j^LvI (jam 4a»s 5yy5jjjl & Jsjjl Jw>4J j* fuJ' IJ*j , 4jju^j 
Jl Jl'jjiti bjM Lj LpJl ^^1 ur-'-'Sf **Sj Ji Jjll J-*iJ1 J^uj 

Ji c J-a£li lis ^ Lvji jjJI 1 ii_p4J ji^ j^tjjj . (1727 - 1042) jj'j^ 

jjkUj L^y»Ji j* Lwfcx IjJi JVi ^fj Jj ,JHJ • iliLJl iLli ji *J^l|j ^L-a 

jj«£ obj^ 4i_yJ< iJL> U* L ) iSjsuil .LcvVl^ LdLWl cj"3IUJI x^*> ^b 
jLjy JJJ5 . ( jjyj o ijUj j* Lj^LyiwU j O. - * , '^ l * j o jjLj »«aij ^ifl Ij* 
J -niH j id j "j-"!'- ■ Li va< t 3_uJUl ! L_iLJI IjjLJI ^_ei J j^i^J J*^iJI 
'LS^kill liUiiiilS ■ -bIjL'I ,>j __h-^' f+J 6-i»i ^pL'l sis jlbj ij . uUI 

, i>U IjJ lli>l bjL^L ; , T hU~Jl Jj> ^-iSljiil o'jIj^j jjj if ji%j > Vj«^ 
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( iSj*s$ gsjts u-iiy ) cJLiii j**ji 






iipJJ Jjlll yj^w jjJ^j 5^1 m^ju >4-2 



opj jjJij i U^i)i ii^i jjjty WLUj ^ i*- 1 J^ l^-tjJ W 

IL>jj /j^jjtli ^ili Ljjj 5jjJ!j <UifJl j^fij /^J*w J**J' IJ~* j* il^ ^1— * 

yjjLl 4*iiiJ4 jii t»JbO Oj^J iliill ij^Aj Lai . fy JjftJI 4-l^Luj IjgJ . jLt^lll 

■ ^1 OtyJ 

^Jjjl ^j_a jjiilJ yj ,JLU jj ^lift jp . 4*i!uli Oj15 y|* 1 i»U 5j1J ku> LvJ 
LfJA-jJ &JJJ »L**^I jj* Jjj" jijjll 1 ^J" 1 "' l-"| ^ ■ ^*jJI ^^ J^ *^J 

yj jiLOj . 4#JI»J1 0^5 OJj ,bjj ***» ^ iM** *fj yy jfol ^*i Lufj, •. 4uJL»J' 
*j^ J)J yy J^j . 4hf?JJ oLjjai yjj j^j ; oUbwl 1+J JjaJI jl LA;! llTji* 

»i»uJ jj-j .i js^l <JjkJI Juiuj |w iij^ij Jjt ji ju**Jl la* L,y J ^ L. m* 

J_L*J JjJJjJI jl£ 'j[ 3j*U {ijU* jljL uJjjAJ y5jj Jji T^J^ .kj-JI JLtll III 

£Ub JUfly ( J^jll i]LLU ;> iLu Ijljft^ j^ jijll jLi ( I U-l J5-i > lySji 

-Jlkulli > jjll lift y' JJj ji« , p^fJl jl* d^jJl 1, jJjj JA\ ijft > lqp 

y_a J*Ll^l jljJLU ILit «'JL?iLm;I J>i*i »J y-ij . SjJill yj j±J)\ yJU Lulj ^lu 

. J>jJI L^ jJ> ^jJI 3j*J< £« ^ i^U U^jS illii-* 

y^JU y*U li*j I '^jLJ; iJLkw'Jl y*JU Jl >J jl* L»A_ij yU j! yJJLL 

1 - f f I ■j' 

ClLSuJj]! aL& y_a yjjjl ^J uw^>JI kjj ijj 4_J' iJi>^a Lfljl Ui£lJJ , ^ 3~1 

ijjUl 5JLUi_^^ yJt jl yJj*al yJ^jJI i% tlal ju dJt! J^Lm J_^jv j^ 
jljiyj , (-* 3 1 JS-1 ) kj^ *JLtwu-'Sl bin* L5^jL_J illiU lUikLJ yl i^L 

Jjajyi ULL^ -I u i i^L, i>lj Jj^jj iXuJi. otS^ij ij^J .UiJLl/ Ij^i si* 

jj -. h JiiL^I 1 v><~ JJJ jJ* *l_aj . 4jjLuJI DUa^^l JLfcii 4j^j ^jL; jj/Ii 
JUll^j i ULkL^'Jl jIjJL *-. Ljjjii ^-L^ j>lj J^j \# yy .jtt 5j*JI j!*l 

jjj- iJI ^j_i fj-4 |JJ . 'L-JjLpJI 9**JI oU^LrfU yJ^ tljj?y* £?,)•£ OjJUJ ^Lu 
wjJ! J* Jkl) iLjij i* jj«lll y-a Li£j JAJ f«W JU^ Bj*j JJ_j« ijJf 

, liiLfjjjjJl jj> Ji* ^liiljL illjj Lfjl^J foi tlj^f 

Jl ! Jw ijwj ( 4*1^1 'JjL§> J LjJLlaC jjJS (JwJl pl^l y*u 3-1 Jji*- 1 ! JSJ 

. dA*^ »LJI J yLj-dalJl yj *• -i 3_«JI ?J* CjLLJsj yi*J 4AfLilL 



Prindpioi Mathematira PhiloaophiaeNuturalis, r, 
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{ &j*U ^jjjj ^jly ) &)ti)| Jjjjl 






- " ¥ 



: 3-1 Jtt 

l_u,7 * — *j>ji i>ja jij_u \t s f i ) 

- 1 cm (j-4j!j > — *** J ljll f 4M3 
^ — jj3 i cm J J — *^f WJj Ji iHuiJ 

j_» J-& 4Jlki — u | jus Uji jjjili 

L-nJtSF, j2F, jF^UjjJiji 
3 cm - 2 cm r 1 r,m ;!jLu Jjkiuu 





M 





toi 



a j_i 4kijj ^(t jjj] iftUH . 



iill 



r , ' j B „ j t 

I Jljjl J^»5 4j_^l^ LI L^l ^_uil ^lJ 

( tJJ . . cjLaJJU iLjjVli ijii J I j 

:i uLsJI tL^-ll ijLj^ ME JjJu Jqj 

,,0.' Jap L yj^l 4ul liLLu JU ijJ**^ jj 
'Ljil^i '&>£ Ja>J »L_LVl ^Jj 4^Lj^Ul' SjtJl 






jMjill j* fiitliU ^U>l 



Jiiijj jJmJ Ltflj Lj^JI jl j_Ji jji > 4U Uuifij . ^Li liiLj^ a^ *'j iij*" *i* 
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( Wj*]] ^ ^iji ) qJUji jjiii 






i^jl! LUaJi a-jJil \+J ^fl ^1 Jiiyu WpJJ J^l ^ ^Q ^ 

< (jjlttl ,> JO* j^b Oij LlSlj ^_0*Jl JjSj ii O! jix; Ii4 . I^fty, U f^J- J* 

^V^^: j^Jl *Jl> J f-^Jl 0^ IjL* . 3JUJI )ia ^ jLJl jjU 

JW 6^ Gj J-a^l jj $& fid I JL- JLu*JI jui LlaJ Jj ^ki Jj ^USJl 

flA L2^ Jjj J^ |a| ^iyi . ^ijfi Jjj^i ^ ^ yy ^j, (i4 j^ 
■ 5 ^= **y* i*rj Jii &> 6^j 1 tfj*sii r W^i jk ijyl j^ Jp'i ^jji 





ipjll ^411 ^Ue , - PJL ^| ^ ^| v i^ ^jg _ ^ ^ ^ ^j 
•Lertl ^J Jj yjli jjjfi ^vj Li ill^ ij/j L^> . jJUl ^U *Ji 

, dj jj A C^>J U IjJjj r Sjuiill ^Jj; ^jaj 4iL* iLii ,ji ju jj£Jl Jl J^ v Wi 
uij* jj_^i wbSlI jb jp "4$* jl i^l Sji JL* J ^ jji fcL jiJL* 

^u^l i^J . oijsll J^J jjuit AiU jJji, J^ v U£f| ^Ji , jbjg JSi*yi 

r 
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( iS^U CMjii &Ap } Mill ^i]\ 



IjJ 6j^m IJU » Jijjbi . ^jbiJI J&\ull Jlii ^ j^i U±% jjLjJUj ,j>^ 
y-S) oi JJJ6 ^ *^_J jJ jt . JLi*^l /y; SiiUJi ^1^1 .ijj ,Jc±l\ } 

; Jjll ^ 
■ f^- 1J ^* lP ^j*^ j* j*^ >-*>* f»**Jl i!)l j^ < Ij>*h |>I ub^ij, uaJI 



*JLi% ^IjJI j^l 3-3 




d^i ^i J^j ^SJl ^ j^V! Ji $ftj ^Jl Jj, j* ^GJl J>a iK 

, <JLp*J1 ^j?j_u i£j*Jl ji jl^jU 

^jjijjl jj-atll J 5Li jJaj tfkli . Ji\jl\ j^aUu L^suij L^3 jjj^i 3ja> t^J 
: 3^3 Jii ^j /jjjj ^, ^^> UL* ^^ J jiv (JA . iUj»J! u^ajj uJj5j>jj Uuti lj| 

L^jii- u*j . j juji f i^j ttsii-i ■ W ^ hr* $& UiU 

a#& ^>J t>*iM ^ v^ J U-ky^i ■ *13SI (|fc« ^j* l^ o>L L^ Cj^U JB j^Sii >^ j£Jj 

^jjlJJI jy+e$ _jLu jTli jjjJ iJJ Li_i* ^Li i JyfclJly . ( (j* ^J : (jj^iilji 

U ^ jJlJJl j>^)< ^L£ Ijj . JULi 3 , 1 kg dtf 6j£ jjLJl J^ jLilJ 
J — iljj j-ls Jji— 'j lj— * , lj£#j . 3 kg l+JU 4jJJi5 JjJ iu^yi t j* iJIajtI 45^ 

ijj jiil; o>; p-LsJi J*. 1 jj iAi; ji ^fJt il^ J Jiji j^ jjiiii ^ (jjilj 
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( li^ ajj* &\$ ) ^jlui jjiJi 




L^j jj g[}l^ ij*^ *i J ji U£* ^Ij^j Hj^Sj oj^ 1080 ^U Jlu- 
i-L^jiJi jj ijL^ J*J jfJI iw Jly J%> jjil*! oui 0^> j*1^Jj L,Lj 
j Jr S tU| jJ oEJjjtflfy o%*Jl >v £* : J^ *lU «* ■ ^ 

cLJj Jj^uL* jjpJl »JJ jj ■ *-J#u fjtjJ* 4-j»jJ *i>j Cfr" f-*> $ 

sis jjt L> : 4A JljJSi . tSj^JI itfUi ,> si-i* oLij*j^ jiiuS jj Ij> IJU 

^l jjjjl & Ej)U U^ f IjJI lift J Ij^jil ^IjjI ^tf , *%il vj^ 1 

. 1^35 L#iUU ^}U*« tLj 

ijJLi JLitf I J| jA*f &J h +Jlj Oj*j* sM ^ &' ^j j ' W 

yi oJUfjy LfX* j^ fJ J&-J t>lji oi-5 j^flij , wU 0^1 i>» J# 

JO. i Lf^jj L Li^ L^ilj jJjj LS 4iuuj cu*s] yi^ll ji «j#sl] i Jjj»Jl **» p*> j* p>! P^i ^ j" 1 

^ gjafill ^ ^b' L44 &Uj ^ 1 fcytfll 0* *jd 1* ^ ^ *>' ti ^^ ^ ^ (**' ^ ' I* 5 '^ 

dJj ^lii Li*ij LLij . JyS LLJ uJ1& tUj* jjfra&> Jff $fl t JlB jj 13* Lw S$ ^1 ^LbJ' ^ ^ 
ji US ilib j*. ^vu> J*>i o^j jiiii ci*yi ji oL4^ r i WL> jM J ^*^i i^*^ ■ ^>^ / ^' 

aUi ^. ^^ i jJa* o^ ■ i5>" JJ l,j ^ ^ jUi ^ W <A r 1 *^j ' j^ °^j ^ ^' ** ■ ^ 

^ JJu JISjU^ v^- l^ till ^3 1j*Ai* 3;U uj^ vj^l r* i>l ^ ■ s ^ ?J J ^ ^ $ ^ 5 ij ^ 

^ u j| l!>j jl£i>^i j^j iUi S »I jj ui jh vj^* r^- #* j*^ 1 ^J 1 ij*^J ■ ^ ^ ^j^ 1 

U^'l "^Ui IWI ^ . l^Il ^^ ^H is>i *l>- L^ ^ij iU( c Uf jj J t c^j&J i ^J 
lit* Jj^j jUI JUJI jJ ii>jJi y^iJs JisSl' oil ijS^ Li j^j . JiJilj il**^l jjP JS tijU JUi^J 
Jd jJi 3j^! o*l*JJi iit J^> d& . d>i^ jiai ^ $ &H j»W i!^*: i ^ f * ^ 'j^ 1 
Llj> Jj *iU j3i ojij t**g kSiiS ^1 }-i]L; djjAi dpty i ^U y B &&* 4}^ ^ ^^ ^ *^* ^ 

. sjjy , j iL*J ^Jil JoiJl *_Jj5i 4Jm^I 



tti 






■■•; 



'■i.. 



w A 



-->> ill. IV, 



( *Sj*JJ- £pj ^'^ ) ^' J* 3 ^ 1 



^lUl oJjj jjjlS 3-4 



* 4. 



j_j Ojaj> y^\ J-Jt; *_*> 4-Sj> j'; *-J^ jl jIjxj j^iJ <jl UJu> j* *Ui lij] 



O-^jJJ Oj^w) ( *l_^l Lwifcj i«i Sjta .3 ij^>J! lift t > jj*"^; - LijixJl i-taJl 
^hu ^jU« jlii ^Li jLji' 8-2 i^JLlI ^ UJ, Jj , 3-4 .^\ J llUaiJ 

.H ( yjj 1 kg Lfu Ji <Jj5 ) <1j5JI LjjLojj JiiJI iiJUj c^oJl ^J lL*l*Ai 
3-i J_£_iJl jj «J>lj . Jlill J,^ Je lul*a foil* Ji 4t&*J jjjj jit; L^ij 
^jJ iijji jit w j* Qjjli F v-mi tj-iLi; jj Fait aj5jil (JjaSi jJL* jfjjj ji *_l^ a t HImJI ^ J^ Jj*a*JJ oi 

Fa«t ~ mass 

, « M *_UVUJ » Ijii '"■ jt Jl I JU ) iljVA.ll OiJJ dl^ 






jjjj yJ j jill j^il liaJ iifjll p jLuSj 




fl~Cu 







: .'I-. 1 ; JLS 



Fi ,t 5jjs!l iLd sjLj jj ^ iu> <Uj4^Jl sii j* iij**j a. jj» 3~^ J^l JV> 
sjmUSS ii**J! j)l JiiJl jj# *^ljj . ilaMJl bbj Jl fllQ HJjSJl yjii jit a Jjil 

: jji-iJl J+- i±>\) ibU* i j*U*lJi j*ib ikP- J L ijj ll'j If *L 



-S4- 



( *Sj>u $tf> jiii^i > oJQJi jjiJi 



Fast -km* (i 3-1) 

LfJi dJj . *L*>Vl pljjl ^a*>j ^ wUI flj-JI m*> ji^ JjJ*w i*U ^W3 LfJli 

aifjj . Lj >Lii ijiu Jill llilllj iijiJl _jJjli* iliijj 1 il'bJI i^> i ^>>J' Wt 

i .U J-*t jU*! ^-J Jilill ,> IjjUUJ iL-lj ^Jw ^ilSlI £rjp ^Li j*^ iLfU 

SjiJl tj^-y u_iLll i_i_r^tlJI .*— ijh' ^-uiJuJI ouIj <u*? ;L>^3 Jj j^l Jiiw 



hihJ. 






■ J WBa l*j»Ji*^»* Lh« jL* ^ JM $$ til HI ol^i ^ ^ ijiU i^L^! Sj*jl| J^ j^j 

. ( 3-tf JLSw ) 1 m/e a Uji il*>s 1+i-ii 1 kg U, J 4±j5 Jk jSt I ii jill SjJjl 

CPj^ 1 jjjti' uj jlj*ll I j* JU jltl jij . ( 1 iwJ (51 ) StUj jj>^li jjl^t 
: ^L US jSSl yS Ji^ 3j*JI J^tf wk] \XS^> $1 . (N) 

#lj_* jJ4 UjJi UiS j-Juv ^ill EjiJl Jb ** iklj ^^u DjIjM ^ill 8*cJI j*U 

. iuitf J£J SJliJI J is-lj jit Ujji <Jjv> j>Ij 

r 

: ji i^j F = m& OlnJ! ,>j . &&H ^1#UI ^Ij^j ^i»^ Ifli* ojj^ 1 jp*y 
lN = (lki;}(lni/sS) = lkg.m/a^* 

gbjii yliifcj pjiJ^J L» I^Jiij RT *ltUl y ajiJl ia*j _j-* cPjJi o' 0- 1 f*Jk$ 

. Oj> s (lb) jJjLJI J JtjJij jjIjJI L*> 

1 dyne - 10 - N" kwJb 



1 pound (lb) = 4.44S2 N 
^J* ^>J pjuUHI W>W> JJ (i 3-1) ^jUII ji *t^all ^ 6^41 c>- 



iii>jJi jSi ^+11 ,>j . £>!>■ lL' l+J jt*i i^U* ij^s V J^ 1 ^ a 2 " Jj^ 1 M 1 j* Jii " 
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( Hj>ii i^JjJJ iji^ly ) kidll'l J-aifl 



$■4 = IF, = ma? 
(F^-IFt-ma, 



(^3-1) 



, ^Ub jlub^l ^ &jJ JS uul^j* oljLlj i>ij ji ***H M** *^1 

: 3-1JG* 

^ B.0S s J^L> 12,0 m/s Jj ujLJ\ & , Pj U; J MO kg '+£* S^J ^ 

t ^^U; A jv *:, ,i 

v ^UjJLLJ.4 5*tji ^.jjju.' •iuiw ^l>UI IjjJI u> Li ; JILj 

T F„„ = ma : ^LUI ^jji j^li ; h\^i\ 

f iJLvJl jL*jI :jLv m J^5 . 5Uu* ttiSJl ; Jlj* 

,^(v f - v^/f iftuJj ^j (2-11) iJjUl JttUul Lu£*j ijjj . i* y.00 S yi 

■ j* U^0«_ 1 
„_ 12.0 m/a 



9,00 s 



= + lf).0 rn/w 2 



F = (900 kg) (1.50 w/ga) = +1350 N 

. ^j^lti ^a kg . m/s* £,1 il^i > Ji'b 
. 48 oi : h\*y\ f 8.00 h ^jJi JM» SjLJI L^U jii\ iiUi U : ^^*j 



a^l^W^UloLi&kll 



i_jll tjiuii ^ tj-Sjil jyi\ uft -^ w^ jsIj* y OJ^ jjjU jjjiki -ut 
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{ ii^JJ jjjiJ j*i'y ) dJUIl j^iJI 



^^=^'^13-7 JiJJLi , ^il ^W fW^ J* >^.l wW! 
j] jUi*iU5jS i W i JpJ< : ^ j 1 * yj**j#tf *■ ' ^ 
^ ij y ijJ i^jJ ^tf , l^\ o^V > *J-" ^ to jSji j^ 1 j^ 
Dijt *Jj kii OjJI tfj> J! £*>• ^Us«i ljIS' tij C^j ; ^ ^J ^ 

^ ^Ul Lk>dl ji LfWjJ &&* %*< r^ ! u 1 * W 1 ^ ** iL< 
j*ll ^>JJ jilJ* JJjaII y 3-7 J&J 1 J^J ■ l*W ^ f iMjJ ' ^' 
^jLJi y ^n J-* 4-tS J*J <#LJ ^^ !i * ^ ■ M ! ^ ^ 

oLL* ^ Wl jjU* jfil 0* l**1j ^*> llj^ ^ ^ ftf ^ 



.1-2 JU* 



U^j ; 25,0 N b,> i_jL i 3- 7 J&Jb ^ j* LiS v/J' & %® d ^P 
Ijp ojjLjJI iJ dj 10.4 k t ; *o*J! ^M ji ^ , &*l V .^ U ^ 

^i J| L^b «*jSi Lfc ^p ^1 P WJi (^ ojOi iW ^ji . ytl ^> 



v J41L jj*^>* PJ»iil dj5 oul5 IjI ^ ^ Jji 

({,(yM UjUII ) jW ^ Or 1 * lH ^ W ^^ : W 

LJLS c^J ^i J! SMI ijS ^ 6' ^ Jf $ O^ 1 l>J ■ b^ W 1 
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(kjfcU^^Iji)^.^! 



^ lyt\ 0»> ^ ,,i ^ ^JiJ , 102 N tj jj ^, ^ ^ JjUi « 
f LJji g^ ^ ^ % ^i! 3JjUJi ^ u : Jlj* 

(SJCONKcm 367.0*) - 20.0 N : ^1^ : Lt$ 

« 10.4 kg 1,yJm/B 

P - m N- (25,0 N)(ain 37.01 = S7.0N 




*IUI #UJI ^i^ ^1 bj^ tfLj ^u^ ^ ^ j, ^ ^ 
^^ *^ f jj^i ; J4I jjj Jail! 3-5 






>W tfU ^L JLSlf ^ 3^1 ^ jj, M ^ ^^j, ^ 
> U. i^ jW ^ jjuji ^ j ^ ^ ^ ^ ^ ^ 

dJ» . *UII o^| j ^ ^ ^ ^ ljfll ^ ^ ^ ^ ( |jfl| 

. >l Ji W£ fciw Uk JU jl ^ ^ ^ ^ ^ '^ 

irtf gte-l JJ Li*, J*fi jji j ( & ji. ^ j^| ^ ^ « ^ ' 

: dJ ^' O 3 ^ &jpS *a 

J J 5p i*>Vl ^j >iJl 3^ ( l^ »^^ rf f } ^ ^ ^, ^^ 
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( o>JU tfj^i &\f } AJIJJI >UI 



jljJill ^ J*iJ1 Sjii HL" ^jLj Jaill jj if ji jk dlfll j^UJl >y . Jiill 
Lm^ i j->\ ji* p-*> l+j /^ J"^ 1 'fi ' Cht^" t^*-*-* 1 ^ ijlyp u*^ 1 

. iui'Uli JjJJ! Jj ijL Jj^l Ji iy, JU p^JI 
ji jLujL-o* J-iiill Jj i Jj JjiJl ajji jl Jj«il IJui-i ^1aI< tyilgll ^k *U 
£,1 jJii . 3-2 JjJ^L; jj^ijif U%Sfl ^ J-S ^i sL^I ^ ubjL^j jljill 
it^LaJl I ju» *i*^J Jj— j IjJ . 4 - ftU> > pU>! jl* jJJj JmJI Jjj JmJ' Jj/ 

3^^> Ji i^ill Sjiill Oj^J l*i* l* p*-^ jl* S_j>jUl &jaJ! T-buArtJ ^1 JJ jl £h 

. ij^Jaii iJju <i>L^ ^ikal JJ ^j i)** <>' J^J 1 * 1 *^' Oy^'l T^ij 
LJLi JjLAf Liji* V jj_i'i Bjj olj iji i « j-il » ijjwJl u*Sj OiPjW J 1 j^ 

JjjU* U*UJl ^ yjSjJI SjL^ !* djii jSJl SjUl J jjL lU^I i^j tyfG 
J_i£ - SjL-J1 ^J* LJj-UJI I* o^i jStl tjSU ( 4trtl ^ ijLi+j ) jjjiil ^ 

Jjjl L» M-ii j-^j ■ ,^ V **!^ ^^ J>^' u' U*j3*J Lwl j^ 1 k l f"»" 'j 

i^l^ F ■ ma isiUJli ; jjJ-i aj^-= ^ ^ ^jiLi J[ jlill] 4^L> ^1 ja*j 
utoJlj ( H>jJI ) 4^oJuJl j^AJj lJ,*S ^ajj Ifjl ojjrfJl eii ^Ij^** l>* o| 

^jl.^1 p^Ji iJ** ^»,JJt ^£s iitf^fl |-*fi *l** J ^ ii» ■ Orf*-*J! 

. Ja i*L* .jLjJI *Lul Cj«J I^aj [yi3 ^UJ ^>UJJI tejMi ^Ji U»j . iJtf 
3jU-. Lii . sLhl^l j^ii jJ LSj^J! y jjivJ Sjl^l jSJj iUi IcjJl sit 
L^j— ji_vJ Jj-J i i«3l u&t *4J^ -a l+;i ^> jkij]^ i ii^l y^jll 
sji L^sjIj L^jl Jj c Jsii fljLJl Jj^ i+j-Jf t-j^ jJ i4> ( Ij*j£ Ij^iS 
JljA Ja [«h LlJU IjL^I w*-; "Uil^JI <L^jOI ai* . *5"j*JI ^\ ^ J 
,±-u ^jJj . Ai>U\i ^jl^ SjUJJ I^SS j*\ jlj-&i Jj JWg LiJ^ij SjLJI 

. U»LiJl jj iii !+j-b i±ul» js Lpl 
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( ttj>U ^jjj jjuljl ) olliil J^uJI 






. odliJI jjjjj j^Jlif 4ku^ JiJI w : \WA JjJL> 



>iil Jj >iil 



. JU J jyp S\* j^*^ JJj^j jJii J] . JU J! 



j_t>Ji o^ 'ij *P)H Jj>I' ^L^* 1 lj& *!jUH 4l_£»i S>J 

^_ij pj jl ) jJ^JLj fjj Jl c.l,L_fc] ^ j_^l j£ IjJJil 3 jLJI 

a lLi— JJ p,Li3 s,Li_JI f.Lu 

pj ill i^_i j_-jUI ,jLi' IJ] iiiJl Lf_j Jj; jjl ijAl j_mL L^ jJ^ (J _lfl iyJl 

jrf jlij <1jjJl jj >*ill I* JftJ i SjLJl i*A* | pU jAj jVJi JJ JJU JjLJl 

fjL*jj Ltjif !_**( *rfj . jjoK , #j^_JI 



. ) i'u*J i 



JjwII J> JtJ jtSJ Ub>l a %_SJl Lj_j i—JlJ ji/l cmJI kj **** I+; jjL .jjl 5«JI 

J_rfii slC-j. V .1 ?J_iJS |V_t 4jjL*t j_Jlj H_>jJjl .Jji "^ ^i' l £ u ^ i jj il 

^_j ij_« j-j ij_» iJ^Jl L#j jiji ^1 syJl ji* uJiiJi JJ 5_kjJI SjiJ. 
i ;Uiil ol Sj*Jl j_Uj ) flJii JJ iLjk jj— i Ljiii! i-i'jfc --lJa 

- ■" -Jbj iwi'tAvli Li _J-Jj S ( J^L wjUJl , w ijlJ )w>w 

. « Jail I jj olijA* » ^Ls^ij wlsl_jj>1 y^-^i 

nil 

, r uVl JJ |*Ae yjSfi 

j^ ^>^i j^ii jiij i jjL*ii r ij» y^i; u^j^ iJ^Ji i^jhb j ,^ 

|ujh Jtf "if j I cJsL, jJ iUj« 5_ji jl jjjjJuJ , JjLhJ.1 ^j^LiaJi iLfj LfiJjWj 
iLitfl IJLs . iJLiJi Jfrj*j ^ jj* |w (.1 kg) ti*ij ij^iu lilj* ^i <0h£ 

jl jlj'J jLjj>jJi ojUj JjjDl ojL^; IjJ ^ d)Sj F net = ma ^ttll ^ 






{ Wj*J] jjjjij tfl$ ) liiilil J-mJI 



^ jjjb o^j il>ij CjL^p Liu* j-Li' jjL: il*i jji jJb lfa «J** 

jj-JL; cix Lall£ ,*ij hjif li>lj 4jIjjm Ij!j* y^ iij 1 -" *■"■" f-** *^v 

i 

^J#i Ji *j_Jj 3^L ik£!\ Ji Jb ji» dlgjjl! Lj^i UlkL,ll jIjaj ^u 

: JLJIi yjjjl Jjj*j j£w li&j 







6"j 







ju*l Dj£1I LJut 5jJ ^jjjJIi . IjLj ^UaJj^j jI^>Ljjj o^L* ^ ' j^% 

SjiJl jjJu Lj^ • jjjJIj S-*^ Oh <-&"" J* 4^ "^^ ty* 3 ^ 
^Q Ltf &&j W >jilj uj^ k>j I3|» - { 8-8 Jli ) * >>JI ±jM ^v 
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( ^"^ tfjiH ^ ) M >Ui 



. Sgfi £. wuL^ ujjJI J ^ ^ (3-2) SJjUi i[| <^j 
g U^ J ^ . oli, ^ &« ^ ^ SjSJII J^J| ^ ^ ij^j 
<jjX-* ^ ^Lai jj t |^vj| j^ ^ ^ ^, ^^ ^ . . 



( : 9.80 Wh^ ^Uji -as 
: j* 24,6 N 



&.8m/s 2 



JLSj*V( jy 3-7 




:3 if JSJ^ 



.LyUil 



f JjJ ^ d&^'i ^ fji ^ ^ ^ .^ rfJhluf | J; 3jUi ^ 

, *>* ^ & J ^.jji ^bii ^j| . 3-9 j&JI* Utijll L^l J^f Jjb, 

Lfc ^1 jj]3 ySH (jjgtl at^ii ^ ^j S ^ Sjj,^ 5>j jj^| ^ ^ ^j ^ 
f ijJJl ^ t lJ^JI ^ ^^c i^ s^jj! ^ 5jL^| |^t| ,^ ^j u 

lfjl*J^ ^*J! jV>j! LJjLx* ^U Lh! - ^1 l^I>^^ >^ j^j^\ 
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( 5$j*ji jjja* o^'y ) ^ lM 1 




«_i_jj| Sri 



J 


/ 




■-. 


/ 





.Uui 



L>V 



:3-lPjli 



Q_ji» ^ ji 1 1\ mi i il l fl j'ill if U — M 
|Jj_j£ ^iii_u JLiikjl oil f _ ^pJoJl 

. 3L>J LSj*J1 ji v^ 1 1^ Jj- /J ***" **■>* ^ J! ^' jlJi * ^ Lji * 
^IJUI J^JjJI } , f k ^ jaJ ^ Jl .1 ^ ^ tf yi v^JL; &^ ^J 
<y »ijj ^jjjdJI »i* , ( n %>& >■ J*t kinetic ^n)' 1 ^ l J ^r* .1* * 

'+ji j^ 0! ^ jjn j-*w u*n ^ f, oi ^ . $P* r^ J ^ 

LUJft Jfjjfl ■» iid 3-!t JO J ijffll jl.L -Hi : 3-11 J_JJ| ^, J^LJI lifj iu-^jji V ^S'l Jljjl ^ 

Uill JJ.J Jj- uWu- lt^^ UJJ . Jb aii o>: LAijj ^* J^ 1 Hfl 
^>kJi Lyfci i T i. .j Ij-»j 1 j3$l ^laJI ftl^j ^J ;**LJl id iJuW 

i£\ cm Jit *S>JI J^ **;*U Sj*" ^ JiJ ^J ■ ^^ ^^ >"^' 

^ U^> .h^ jL- L^ jJjj jiii ^j^l ijSII Ijpttil ^j 1 F jV ^j^mJI 
jjU: B^ JJL-i ji >UJI ^1 ^ ijHi 13-12 JWI Ji^j . ^1 li* 







(tijiJi^jfitfijiiAfltiij^n 



*. 



&.-*, 



j_j LLUJI \y}\ ol jl ( ^JLiJI ^ ^ dJ UJ J,Ull ^LJ| ^ 

: UWUk^F^l^ + W, 

A«A^if fk-^^N (3-3) 

Jji^l JLi*,j i L^JL^j t^LL L^jjj «^4JI 6* JS djL, ^ Jj ^ 

. ftLMl 6i-ifJ JJuJdl pjJUl ^ 3-3 
i ,^*kJl iilLj Upi ^-k ij^ l^i j*:*: dtiu^i ^ J ^ jjl 
fi >^ I 1 L-Ml i%J| ili (1) : &j/i\ {^utfii ^U\ *i , ^ 

jj jIjL ^ yjty -j^| jji, ^ . L^|j i]!> j J j| j^ jjtfj^i 3y ,^-j 

, ^*>}l if LuJl 
:<M3 ju jJU ^J-i^l j_i uJiil^u Liu* ijj^l 3^£U j^T^RJU 3-13 JS^JI -iu 

: ^ L j*i u* J& ^ ^jili ( jj a i,j _ ^f| iuj^ i g^ 

, Fff = // gjj s liia! ILe jS' ^j V ^[ L _ 1 

^-^ ^i Jj JLi' j£ull-l J&>l ^ [ ^ IJSL ^JLiJI JL Ji. 2 

.f t =:mg&. Ji-i J! S^jLJI ^ ^ 
















:3-13 J" 
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{ Uj*$ $#> iiiiy } (iJUai >*ti 



dl&frll JLl* ^ jAu : 3-3 JjA> 


ft 


ft 


ImXM jiyi 


-0.7 


-0.9 


Isl> ULiji .I* j*tki 


m 


0.7 


dilij ULji- j!Ui>lk* 


0,06 


0.08 


jjjf i# i_ni> 


0.04 


0,04 


jjjito ijU s^ ■ i i' i * 


0.57 


0,75 


■_jL= tyi* jit i-Jrf JuA> 


0.01 


0,02 




0.4 


0.7 


k_iA> ^1* i_Ll> 


0.07 


0.10 


( |L>Ju ) gj*4 ji* jJ*J 


0.4 


0,9 


£^j jj^ ^j 









8-2 j*i#y Jli* 

i jy v^ 1 J* W^ Jy <>' v** ff s *^ W JJi ^ ; ^ 13 J^5J! Ji £*;' 
. 0,6S uJliJIj LibJI 6* ^^1 JL£>^I J-L« 2.2 kg vJ^f iis& V ^ 

i J, i W = mtf = (2.2kgX9-8 me*) = 22 N ja JtfJI jjj : yU J1>jJ 
f, ^* * t = 22 N ; jbill ji ijill u» jijU J y^ oil jS-^l ^M 

u 0,6n 
. 34 N Oi* ^i JliJl JibJ jiiSl Jllfi^TH jtK &j* J*l fil J' 

jjljjl <yj4J jjjli oliatu 3-8 



jjiyli ^ uy*, jIp jibli gji cyli te^ irj^i W u^i M p*' 

. JjJI J Lfil^l i^iyi Udl Hsyj r*y^ ffiAJ ^> jf J<*j ■ *&^ ! 

t U* ijjjli jiill gp* 1^ Jj^i {-*U j*-'l p*JJ j?WI J*^ 1 f-i 1 - B 
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( iijdl ^ ^ji ) cdlDf JjiJi 



^*JJ jJUi Ja_kiJl jj U^il jjiD olsU i jr ji F = ma g^fill jSI . S 

. m = Wig j ^£ ^ l m/ij* oLb^L a 31**% f |j> ^11 m Ifcfltj 
. JjI*JI Jj u-JL iLi'jJI cIjU, J* » 6 

Jj 2 oljLiJl ^jfi Jj | I5j>i* j^Ij ii-L> £* J$ ^ Uj&s ( IJL»I jkisj i 
4^1 aji*Sl ^ ijki J5 " ^ >f Lii £.j . J j3 J| ^J| JiU ^>l f L*S 5 




Phis .VI 



Hin30 J [ ■.-. ju^ 




M 






: 3-3JU* 
jj L-i' ji^l ^aj 30 g Uj a ty^ Ipz. 5jL BOD N ^ fy ^ »lj»j *jjj 
IjJ (v) f frA-Lall #>-*! **4 ^J^ 1 7 W V{ ' > . fel-14 JiitL, fa, 

o^ULm ^j3 jtjiiJj v ;V I ^ jUjLm i*a,Sfj jjjuJI J i**j5»! ? ; ^ 1 

, f J$L$ JL£u>U i^Ji SjSU i^U &U1 LiiSl ijiJ; ^ Lit • tyfi\ 

! J5 jLnJ CjW L^m jj^l ^t^£J( U : Jlj-i 

. 3-3 Jj^l $, gtf, j* t4 « f t % F N & * 0.7 ; ^\ 

¥ Fjv CauuJ ^likLiI 6£*ll Ul L ; JIJ.JI 

. JUi\ frltf &\ti ILL ZF ? = ^t i fa jjLj ^>JJ ^iji i^U ; oLfc^l 

, j£i jj Fj, pL*ji uij jlJ j] ^i^ij ^jj jj*jJi*i) r 

T 3^1 ^ jjjUI I av ^ dLvi |»j^| ^! L, : J})* 
Few-Mr >£ =(.0.7)^, ; LLfVI 

■i 

: F SJlirf f.v 
F w ^W+FHinSO 



%- 



( Aij>U $# ujiiji ) •aJiili jdli 



™ * ■ 14 

,ji liJLiii ^j^j or^ ^j ■ uj^' J >^ ^ ^ J**^ o- 1 v**! ^j* 1 ^' ^ 

f cos 30 g = (0.TKF sin 30 g + 500 N) 



jijjji , v i A> :i,*j 



Flcoa 30" - 0.7(sin 30 u )) = 0,7 (500 N) 
KQ.866-0.3$)s$8@N 

35UN 



F = 



0,51(j 



(J7BN 



F N - J" sin 30° + W = (678 N)f O.BO0J + 500 N - 839 N 

A = ^-0- 7(839 N) = 587N 



i ij_i iLs i*jj Jj*i UjL*jI JjUI sjjJIj i|jJi*H *sj ^ iljil tUjjSJ Ijl 

, ^ it*til 

;$5W1 «4* ^ ^jfit ■&> fy =Fmm v + W : lib-?! 

V LZsSl tyi\ JL> i-J Li : Jljy 
5B7 N - (0.4X839 N) = 537 N - 336 JN = 251 N ; %jfe$l 

, jjjuJl iJtf m Oa* i a a JW »» jJtSil ^ u>^ : ^^^ 

f m IkJ L> : JIL* 

. m = W fg ji W = m# a^JLf fiyjft Mil ^ ; oL>V1 

. m = ('500 NW9.8 DS&*) = 51 kg Laj 

, a = (251 N)/{51 kg) = 4.92 m/s* J ■**- ^' ^ y*#>^ ' i-lWj >)l 
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( SijjJU ^ ^jly ) oJLiJI JmuJI 






in. 



i'j 




*mhV.( V '«!^ 




W- ffl k!J 



j_* J_i] j — ii jduiH _yl^ liiii-i Jl 



^UUi ^ JJ ^ iKSntfl Lij c S3-15 J£ilW in* j_i Li' Ltfi Sii, 

*-**** C^ 1 JJ uafLfll £jLw o^ fn [ ^ie F iy ciJ_* . }U*j uAitij 

f 6*Jiiil ftf.lkWj jSjl **£ U fo») !f ijB jla. I* ( i ) . a = ,10 m/s' 

. F = ma = (3.0 kgX3 oft>) b 9.0 N : ^UJI ^ ,^B ; 4iL*)Jl 

^L^JI kltihll jJ uJLi JJ" Jjj: J_U LJajiLjjil Jyjl _^Jj; J^ - h\*$\ 

¥ m s y)^V j«1WI j*JI ,-*]! jU\ LLkil J£i L, : Jij- 
#& Hmji^kJtmy^Jpf tp\ , v 3 15 J&JL, 6^ f^e ■ LlfTll 

^ f v ihW^ pi*UI Lll L : Jly 

■ j^l &)£ Oy^ M" fflj *!** u* *JjMI ^ fj j*j Ma jle aj^jil 

<t% ^Q Jl\ iljUil U : Jly 
. F N - m 2 R = (2.0 kgXS.G a#) = 6.0 N fy ; U*t\ 

? ptj iJ^)L ^LiJl ^i ^JJ ^LJI JskkJI Jii U : Jtjrf 
. ^-3-15 JiiJL ^^ lii : tl*Vi 

^ Li ) . F - ¥jf jt Ui*j m, jit ijijll 5^Jl ^iUs ^i ij>1 » iliMjJaJl 

F - F A . = m t a = (1.0 k^XS.O m/s a J = 3.0 N 
m 2 MSL; UliJi <^l ^ jijU L ^ i F jY = F- .3.0 N = 6,0 N ^Lu taj 



JjUI kLi ij^u <Jsl>J J , 38 mi/h Lb^jS ibj-u i)j*i; B300 lb Ifiji j .U* 
■j^J j1*)jJI ^ Lii I j . UUu Cyi* J> SjLi*«Ji olL>jii oi-ia J*ljiJl 4* 
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(iSj^^^)<m\^M 



ULA\ L , 3jM! ujj jJJ \f* 0- 70 J 1 ^ M JL ^' ¥ *j^' ol >! 

t {jSfcu* JVJutuil 

+33 raiA LjjJ «^ £ U>V? »Ul »jM ^ ^1 uUl s : ty*JI 

. jiJI jl 

V ajLJl Jay vpi tSiH L» : J1)j 

. pjUl ijj jji iji 0.70 Ujj3 i^fLS J£>l 5y j iil*?l 

F 

tfiSi ijJJi jj difi^i *i ±4>$ ■ a =-^- . jW && &># : W 

, F M = 0.70 W^ r jj[ .. ia->jJl 
J Ljob >>) J/ . "»jUI iK Uj* ft ^1511 jiju ur e f^*^ ■ J[ r 

^£Jj ( Lly*. jJLDl tyiLiJl *ki£-l* a {0$ *>L^ ^ J* j+J $1 ! Jl> 

k^ ij^ JLj Jj . V#*u Jlj Li £Lj JJjS jS BjUl tfjtiU jJJl &$l 

. UjI*J u^jlLil iiLJL. Sj^ ^' J ,J ** J ^ 

. * ji i>Ji Wi "a > As d$W c^ 1 w a J Ms 

. m/s Jl mi/h taWI Jjj>j 

W„ = (3M0^fl(4.45N/yW - l.B x 10* N 
uj =(38,uW(L6nm/^K1.00^3tJOOs) = l,7 x 10"* km/s 

= 17ffl/s 



^ SjUJl il^ - 2 



M H 



w 






9,8 m/s 



10^ kg 
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( iSpJJ $j$ i^ijI^ ) iJljJI j^ill 



HUH,!'. 



SJJfcg 







t 



'!?■ X 



^N 1 



w 



M 



F 1Tl = -0.70(1.5 x WNU-l.Ox 10-JN 
8 j^mIJ v^Ul aL^I j** JliUlll sy aUoi « 4lua yUl EjLi^l 



mJk. 'W 1 ?* *-***» 



iUJL4 



* 1.5x10* kg 



7 o 



»"*■ o-flTm/i*' 



2fl 2(-6.&m/s 2 ; 



21m 




ILtj5j y*l* Jiiu u*l J*Jl jUj^j i I** (jjjjJi Jwj ^Ijj J^ pty JLlH Ijjt 
. ."mI-Ji ;>j jt «IaauL Li^jLi J] l l Liii i^Ui Jj*>j 



:3-J8 rftt 



^ jj^ j^Jij t mii ^ j+> j3> j ^uu^ 3-ie Jim ^ jUJjiJi 

V 1L«J| ^uu jiJl IjllJI L : JIJm 

j 

. 3i> jl* iltf Jf ^k ILL* ^ttJI &3jp tyiti : ZA*}\ 
V o^ll J* Mill i5j*JI y U ; JIj* 

. *J jlxH ^-ijvJI |jt Ijjijui* JjjkjI oLvJil 
? ^iUOl &, J^ ^tU ^1 p^fJJ ^Ul Lkkll J£J L : Jljj 

¥ olf^Ull uujjll «L^jVl jt*ki Jj^ , jiwl J| ILU 



lj^j ■ ti**iliH Liftyjj ^y JL*! ijinj ji> iCSSl j^j* SjiJ'j Ji*Jl ji ULli ^oJ jj jb* j fl 
. t^LJI jjiLk J± ^Ui >JI ^j Jill u£>, ^ ir^ ^ J 1 ^*^ 1 "***} Ml ^ ! j^! 
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{ itf^ tftf ^wlj3 J ciO J^aJl 



i )Jl> jJj: iaJlsSJI jj J^ jje ^15JI tf^ ijjti JjJai^ till l1«> ; U*]ll 
UuDl $ lj_Lj . L^aJ ^jll &*N\ ijLcL *itf J£ aS\* *L*JI jtiiif ii^ftj 

. JAJ Jj dj*jJ Jy> lf*lj (5j>il £> jjil 10 kfl 
? 0-iJbJl c*^ ji jil^l ^ #1* tia^ i> C^^l flW*UJ Uj U : J\y 

98N-r = (10kg)a. : U»)N 
r-4aN = (5kgki 
. Ll ^juJjLII ^U J* u_o*j ^L'iJi . T j n Li ;J uaj jpj k»ll 

98 N -^+^- 49 N -, (10 Yg)a + (5 k$a - (lfi fegfe 



:oJ] 



400 ft 




16 kg 



1 



[i] 



^■a 






/■O.0WN 




ffl, j^l UtfJl oili li! pUfcdl ll> U^ DjUI LUJI ijjJi j L : ^ 

ff&SJi, 



! m s jJLoS'l ffiSU 



a - 






M 



J 



:3-7JLu 

it : = (0.40 x M) n Tf iji^ ^ jjy k4> jj Lb^ 3j.au J* 4Q0 g cJsS tllaS' 13 17 JS-^I Ji*; 

$£i)l Jl+y , 300 g Lijji Its" j_»^l up. ^j jLii-j Ml L** Ul£*1 

. k^JI jJ ULdl lb% L-^t^U j*JI ^JU ^y I i^LLiJl ^-3-17 l yS-17 

J L:^4*JI Ijjj Jj { t ) 1 /i, s 0,2 1 ^ - 0.1 La yltJtWSl Ji*Ui ji ■jefi 



W = ((1.2(1 iM)N 

i—^ij Lis i js ijjjs aw g &1 jjj J 



. Lj>Ji i aJI il^Gl ^aJu ia Lfu ij> J 

ajill Ji^l J* iiyU v 1 ^ 1 l^-M^I ^ /ji ji' ^* *ji ^ jl : 4jL»)II 
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( ttjiJJ £#, ^Jly ) £M jjjjl 



". h^i jj uJl jIjL |>j«i $&g Ju5 ; Jl^i 
«ji M , 200 kj? MJj v^l ^-l^^ jJKI ^ 0r"J J*^ : W 

u^uLv>; ijijjL j»i /it u>j u ^ i u c^y^ '"V'>' cut -^ ll ^i Kp^' 

■ ^*^ ^V** (j* t! ^*d*>Jl ft i^jiJJ ^yi J^jj. lift . illlll $mjj fry\jb iLt 

V yOSJi ^ <j^k; ji» jiffll ^ ayE (> IfJe J-**^ jill oIjUII U : J[^j 

i ^uijll &&} F H = W = (0,400 kgH9.80 m/s*) = 3,92 N : 4jL>VI 

, yiTIl .l*jAfr-/'= (0.400 kg)ti 

? 4iUI Ml ^Jb ^JlSJi ^jj} tytfS ^ L^ >>J ^1 "JjUJI L. : Jlj- 

UjLJI »i^ ^J Js^ . (0.2U0 kg)(9,80 mm f = (0.200 kg)a ; tfof 

vu*jil sLwlfl jl Uijiil jlJ Ltfi &LJI Ljla^fl _j i^il! UjUI ^ Jjj5j 

! La^t/sii uuri J iiJi «4j5 uj5Xv gu . Jlj* 

. T = 1 .92 N &UJI LL^I & ^j t a = UWIJ; ^j ■ U*?l 
. £ = ft Fjv = (0.40X3.32 N) - 1.6 N : LL>?1 

UL> djj ciJLf Ij( IjLi » jjj l*^ ^LJl jj*j^Jl JljJlj , 1.92 N t»jjj 

^ Li (jljpLj J>-i V 1 ^ 1 jl ^J ■ &>kj!J J^*« 'J* tfl ^U-J * ? ^*W 

! yljSJl xiyJ i^ j4*li iiL : Jljj 

; J^JtLrl Jl£^-I iy ^^ JLiu>^1 i^ ; LL>Vl 

jjLi cJ 7 1 < Uj . g ^ Jii ^j t /■= ^ f AI _ (0.20) (3.92 N) = 0.80 N 

jjui;! jjlili ^ijjj (jjjjtj jl U^U UjIj jJj Ij_* . Ij^j x<i (J a lM jWI jjjJi 

. T j a J* jbjiij jjiJ jLu 

1.92 T = (0.200 kgto j r- 0.80 N = (0.400 kg)a 

1,92 N - 0.«0 N = 1,12 N = (0.600 kgja 
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^id 



( ii'jjjj $jp j^ijj ) cdiiii j^w 



T ^ J**»0 ij^jUIl i> of ;j5 i^ijfjiiij . a = 1.87 m/a ! Jmj fot 



f - 0.80 N = (0.400 kg)(l,87 mid) = 0.748 N 
Ts0.8ON + U.74BN=L55N 



t>JjJl i <J^m1I iLSj l\ ilf OuJ jj _li>J 






: 3-RJto 



*jjL*il iSL-^iJ^ Lijrfj* j_^UI jlSj i 20.0 m djb jjjLJI ^Ip ji>)j jSi d^ 

y J^ljiJl .liWJ Jj SjLJI iUjw ,j# s^l^uJl &fl Lji |_5 JJI Ij^ll L : Jljw 
uj* =u^ +2(11 ^jl i jc . a i ly Mij Jfi Jy*j ^1 tfj>)| HJjUt : liilfil 

, ty = >. jb-jjJ^ oLu j io> 

r 4JU1 ji J^WJI Jrf If ; Jlj* 

, L' f 1 11 La ,^l ' <LiL>^ 

S JjSi jk ^mJI ^j* jJ Jfi j^ $Kj i^kJ iUI jty l^i I : Jljj 

jjj jJTJl JL£>I s»s L^ Ua il**Ilj . i^j^JJ jilSJI £fr> ijill : LL>yi 

( iLJJI ili '^lUj ^1 UUI U : Jlf- 
U&j f - faFfi = ft W fSI ^jLy 5jifl jiau vij^j. 1 ma - Fim = f ; 4A*J/I 

, m jtLiiiijLJl 

LfJLs j^Llll <^UJI UjU ^ ^j ^ m jLj W m s mg$ i*^ ; LLfcVl 
. iibJl ftUjfcJl ^i*LkJ ^ s 0.7 ^i 3-3 Jja^JI ^ : L^l 



d = -^| ij m a efa mg 



[i J t2tffl=0 
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( "tfyJi tfjji tfty ) iJLSJl J*i)l 






oLf^jJl jijLtl iijiA-iJl aljUFjII »LijJ v^? ^J ; "* a ^N^' ** *W' sL^ 1 
i Jud i^LUI dJjUil L*i , cAj^il l^IjLi* ji yiy41 
o = -(0.7)(9.fi m/K s ) -7 raft* 




±i« 



JAJ Ij^flJ 



p* = J2[7 mW)(20.Q m}]w = 17 m/s 



; ^1* J_bjJ km/h Jj 44j£JS sit Jij>i;j 
v 9 = (17 jf$)(3(J0U s/h)(l tan/1000 jh) - 61 km/h 



1 'j 



::mn jLi 



. bjLi »W^I 0*^ ^-^ ujjJ f f l-w^l j**^ ^*J* ^^j** *J*^ ^^ ,i *'-' : ' 

j_sLjj* . ijjjJl *ij-i^ jjii *Jlii La jSitiJ liil Tlj 1 »jJb ji Hj>Ji W«b a*j 
^ jj* Li uuu jL* ^ jW *-*^ UU oIjJy lij** iifi JjitliJl oia ^ 
. ^1 Ojj fcU ^ t* Jj»j\ ^ WjJ JU Jtfll IJ» ^j . a 18 JiiJL 

IUv- u * '■■<-; . t -^ jJb Jjjjll L#jL>Jl 5j^S 4JU ILL* jjjl &j£ til IjL* 

jjji jJx ijjjll jyJl ^3-18 JiiJL ^11 j>JI p^U ^Ldl J»k»li ^ 
, 7 1 ^j * ^ J! J-lJl 3pj W ( jJJl OjJ ) **JWl Sj» - ^ i^ ' L«J 

iii'L **A\ : 1 4JUJ1 
j( IF V =ma, jJjUIi Jj**s 1 ulji ii* ^ a y = J ^i^> 



r-ff=o 



IF, = 



^yli ^^ju I5j**» jajJI : 2 *JL>JI 



JliiiJ j*iJi ojjJ" l ^**' 
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{ ^^jd $p &$$ ) iiiiii >ui 



<a yi 

uii U> r 1*1*4 ^1 Jl ^Ijl (byjfl Uj^l IjU . a., >Jb IM >^ 

: J^l iiU IF,, b ma, 8&J! 

uL^ i^J ^ W ) ^i J! *±-'j u**ji *** ^ ^i Jl ?- ff 

. L* iJL, 11*01 t^ iLUi iJL*J! ^ L£ l^-ji ^1 Jj tLij'il tijbl IJ| 

: jl i^i IF, ■ ma, u^UJi ,>j 






<5jJI U^c oj-^ ^rf* p—^ j-^ 1 %*-*" ^ W ^M 1 <a*3lWI i> 

; ^li W = m£ ji iy>j . a ¥ = g t *ft Jt*JI *1*aJ <jjU 

T - mg - mg - 

U^j ? jwJI > UH. ^ 4yUl ilii jrfi-i3 U , « tujtl p» * jl-Jl ^ <% 
JLUJI .Us^i Jj t iJUJl ^ ^ alull oj^ _h*JI J»j*- ^ J jM £($ 

SJjJ fcjtfj y^JI llj(J i 4& ^ &i*} Jt\ J! »£ Uf j$ll M l^ 1 

US 111 ^J> Llwi L»m*- L_^lUJI oit . uj^ 1 fa** y^ 1 ^J J*** 11 JJ J'3^ 1 
Ai^ll Li> (#$i >vji J*jLJl Jj> jii jf-Jl ujj cr^ ^^ ^> r^ 
jl Qiyi y^ c,1_yl ^ oJ* i ^U*Jl j-iij ^y^> ( ^ ?_W J 3 ^ ) 

. M\ j\ 

-105- 






( djT^JJ ^ M ) idttJI J^ 




»Ul jjjJi Jj-sii ijJJ LMa^k; o-^ L-*r*J ■ '-^ J 6 ^V* "^i^J *•** 

i^j;UJ| a J L^Li' LL1L { jLaJI tSjL/ .Jj^Lfe fy & ) £j_jJl m* p*" ufe 

JSU JjJLi ^ 45j*JI 3-10 






jj* c«jjl p>Jl jflj . jii^J ^JIj Uijji Syl) ^l, lji>^ 3-19 Jiill 

*i^ ;jl> ^'j*Ji oi ^ej - j- 1 *^ 1 J* ^j** ^ ( ^j"^ ^ ) r* 11 

:,'l-lHJt; , 

jJj_-li*j JJJ jjLJ) jj>J *l»3tl i jjgj| ^^j| ^, j^ ^^ jjj^ ^^1 J| ur^JJL USUI I iLjIjlj 

JLJ J! jj— *il( Wfc-J jl* ^ sin j-jl— 3j .v V-'j 11 J! #^ p J *W &J 11 

^ i^>j lit- J L_^->* i x »t»al) J bfi± $ f*h *^ ^^ ^j ,; b 

, ( jjUI ^k ^ IS>UJ p^JI > ji ) (L«**ll Kj* »i*ji ^ J tiij 

. J.S'I ^ C)p^J 1# '/-J 1 M I ^ l5>^' ^ 
. ^Wl tfjii J^'J W^MJ * il%3ll olll-l JJ htt ofi '^J^ 1 - 2 




jL^jL-yJeJijil 



3-3 j»«w J1i» 



iM- 



( tS/Ji $p jJ>& ) ARM J-«Jl 



, ji>ill f 15 Jii *-*Jl k^ i*ji (J) . 1 "i iiji «U 40° UjJ 
, «_JU UjSj &L-JI &^*M js^ ^ *#U *&W! ^ ^^ia^ JVjiirf 

fjLo v^O SjJJl siJtj i Ji-J Jj mg sin 8 j^S jj^ill pL*3 ji iyJ! ^ 

; kJ aI^aj dUJ^S Jj ^ **>Jl 



mg sinO 



Cj^jjkj^ 





-J 



fa* 



:0.664 s 



£ sin 4(1 

Vf = [2(9.3 ffi/s^Ksin 401 m)]« - 3,55 m/n 






■■•■'WffWP 



M 




If sin H 



:3-20j^ 



:3-9JU. 
^ii -uL* igfj ^ M* J*--i Ji J^l jjUl J* &M1 *W f^i ^ 

f jjoiJL ^LiJl jiJi p*]! ^Wi W«Ji Jii U : J!> 
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(fc^tfj^jl).iJl3JIJ-aiJl 



1 

j^uj^jj! (> ^i |jl ^jJuy lift . ijut frfi* /ji i_i*j 4jJx ijjjll floJi ^L? ; ^jL^VI 

! IjjAfl lit ^ oliWl ijl ■ Jljrf 

, mg sin fl = /' ji>JiJJ i^jiul cL*uM i : iji>Vl 
. F N ■ fl$ coa 9jj*jlf J* ijj_j*Jl &LaJ*Sl i 

. ^f A , Utjjj Lr Jat iu^ JJj mg sin 9 aj jIjTjU *^j«I L*t 
f t = ft F N iJjUjj ijl ._u^ ji^ U jj^i SrifjII lii jj_£ L4* : iiilillj Jill 

ft f tf - ft n# coa ^ = m# sia^ 

: tf i*jmg cos £ ^ <JjU1< Jfi l^Ju* 



ein 



COG 



f±m.%*£ t 






8 f =tan-'ft 

? & c ^ JJ1 ojlj wLj oi£ jiiS jiJI iuU^*ll wUJl Ls ; Jl}rf 
f~h m & CfJS( ' 

? j^Vl ^i JjjjUI Ijjj Uii£ d»wll fiLvl ,J ijill jiLi iij L* : Jljp 
jjUl iU^'1 Uj*!*l IJLJ , >_umji1 *L^ftI DjljXi.1 J* Jiyj fr : AjL>^! 

F 1I(:L = W jsin B - f = m$ Bin ti - /^ mg cos 

e oLLJl ,> iUJl ^L* ^i Lui, jjJi Lull I. : (Mu 

: ^G)l ^ ^B : i,L>Vl 
wig Ski (?- /Jjj wjg GQjjS D = m« 

-198- 






( tfpJJ &#> j*iljl ) iJiiJi J*«JI 






. 3-1 j*^^l JLil" J W* Jj-»Ji JjUI **£" 
^ J^ . eos 6 * , gin 0= I O& = 9°" tfS lij . jJjfl j»»M 



r^^— - , U/ U** 40m JS4.Qm jUL* gfe J3 J* 1200kg l#MSjU- £ % 



f SjuUi 1U.SI jf Jijll lit Ji^i ^ : Jl>< 
»L*3| ^ ( £JJ ^ pu&h U5 ,> )P<U- m ^ ijil «* j : W 

, > Jl JM *M l 

; J i^o fyijji ^j- J^ ^ : <W 
4.0 m 




Vi sin II 

3-21 Jti 

^ jai j j. ^ ji i ji)Ji ojjJ *A>< 



sin 0- 



40 m 



= 0.10 



^1 p^jj ^LJi kJ^Ji v^3 j*^ >j ■ M* 1 a10 s 5r ; ^ 

v il>JU f AJil iuri JJJI Ul L« : Jl> 

■ * L 

. jd! ji r WjV^\;J?&i±& J& ty ^ - ^ [ 

T 1j4I lift ■>* t+*^ t^ 1 ' djUl L : Jl i" 

; jl ^ M 1 ft? ^ ^ ! L^ °H' ^ J^^ : W 

P - frtg 7 sin fl = ma 
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( s*j*y &#> ^>ijj ) cjuji ^uiJi 



jy*** 



: J ^ F Jj li-JU lyj] 5JjL*1I J*. r^iLWtj JjJl 
P -nm + mg sin 
= (1300 ksKOJiO mtf) + (1200 ky)tt.8 m/«*){0.10} 

= 600 N +120UX = 1800 N 

L(J 5Jj,m -UsO Jj^J f' A r L^jmJI i^Jl jL^I wit lil Ui . 5-21 J&UI 
bUJi mJs i_f* . *j5Ul ^JjlII L_«j J*Jf ji $ij*H ^ II* . cos ujL>J 
jyjf ^ «j« t JL*I JJ JjJJ Ljljll ijUJl aj } Itfy t, JjUl jj*J lauON 

, i.jJLUi il>jji ^bfy 600 N L*jij &$| 




jj jltwll ,if : IjpLd J jiij will £j1 *iu* 

Jh* gdUl j uJi jii 4JI J£ ji-j jaJ 



/J ^JL J^J! ^ jJJ| ^ U : U.70 Jtfj yjljll fr, dft£3>^| Jj'ju ^ 13JJ 

? jljill «i h j ii^yj Jj^mj yjlill 

* c^U fcjJl jIj*. iil jjSill tjUl ji~ I& : Jit* 

. IjLa lSjLu iLvjill ft! JjiU <S^b 3Jjs : 4jL*^I 

p $3J Al'U\ J* jJi tf 5J| Ul p U : Jlj«» 

JiLLl Lij^— U ^Ij-il £M»L^i ^ ^ = ; J#J && &U : 4&#l 

IjjLipL *bU^ L^yud* Ipj_J| iu J*LaI> Jjal ^jilill ^i wJj . -uls ju^jJU 

. ii/u iu^Jl ji. «**j|l KjJJ Its* 

? UL^JI ejus J Jfi\ b0}\ L^ ^1 oliWI u ■ J[^ 

tyfcSi JJtfl) UUJb ^UJi jjJI ^ ^UJI JtkklL iiL^^L : LL>Vl 

: jia J^*J 
T- tVsin fl-F-0 ( J5HI .Cy^ii j^l^! sUj>U ) 

. F v - W eoa 19 = ( JiUl ,j^Lll jk iiJ^Jl 6l*SiU ) 

: J* J^n JJUl jy-L*! 1 j^i^i flL*j"1iLi i^L*Ji *JjUi ,> i iiiLUJIj Jj*J1 
T = (0.70X950 fcgX&8 n^)C8/10j + (;10kgK9,8 iii/h2)[6/10} 
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( fajaJJ $# ^LiljS } .Mill 


j^Jl 










|fc$l $ 4J*j | 


Lj_iLu i_u^i W'Ji »jj^- 


yjmaJl Jjjj 


lili 


6y 


jl ±j$ju jfi 














f* •Wt- w ' 1 




J' = 270N + 290W 


-5G0N 










(1) 




= 49N 



W 

:3-23 Jti 

Li ; ii-j 7 kg Alili ji uJlili j i ) 
i_m li iJLJii L^JIU JL-JI j-il 

. JJUJ1 j ji«4 > ^i ^ 5 H 
UuJl (_*) , 7 kg fJSIfl JJ l-^LLL, 

, skf.-Ussa 



; 3-i2Jii. 

J&yij jj_w j_* L*i' 37" 4JU1 Ljk JiL* iJjj— » ij& lm^^ i> **j*** - 11 "} 

j^au j^( j3 bd J^ ^i*J1 J cjjjj ( i ) : ■ 0.50 /J : jU, = Q.70 

!•( I ) fjpJ' ^att'i* JV Li, J 

? ^jl^l ji Up J_jj ItM^iJl jl oLJJ ^ JL»5 ■ Jlj* 
j^sji LL^jLj iijljji LjjhJI' Mill $ ii*J ij j-uiL j»_i 4J1 jijisi : ^bj-Vl 



* toJWI ^ Ji ^Ijji yjl j^JJ ^y I *J**il JSi U : Jl> 

: 7 kg Ml t£ -J^ W : M# 

T-(7.QkgX9.Sm/B*) = 

r f- (5.0 kg) (B,8m/s*)(5in 37*)* 

? Hiu jj .1 Llxj jjiJl ll# dl&>! fj3 cujIS I j[ L+ *1*J uV : Jl^r 
: 4JMJL jU jSJl / ( ^ jTSjjff ^Wl i^jl : ijl>Vi 



Ug/ F: = (0.70X4-^ N)((1.80) = 27 N foW-i^l ^jWI ^rUiliJljJ*)! 
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(iSjsJttfjii^iijijdJiiii^i 



■ V JflfjTfl J tMWl J^ d ijw j^Ul ^1 ji j«l lit, : J1> 
^jjJ l^L, g£ t>> T jillj i f * ^ mg coe 37 e ibWg $|| /" jLj ; LLs-Vl 

. 7kg^|^uJLaj| 

V $ tfu* jiill Ul L, ; J1j.j 

■ Sj * J* ^ tfjfi ^L - ^ jiiai pjj! a0 ■ ty^f 

: 7 kg 4±s£ll ^j ^Jiai S^ : tytJTl 

: 5 kg ijjjfll jj <-A\Ml L^jJLj 
T- (49 NX0.60) - (0.50X49 NX0.80S *> (5.0 kg)a 

! a jLn| gjE^ iitij r Jiu ^ ^jLJI «^ i &UI 
09 N - (49 N)(0.60) « (0,50) (49 N)(0.fi0) = (7.0 kg + 5.0 kfth 



r jl J-Vj 4Jjj 



= i&p =L6jr]/H2 



12 kg 



a^3l ^i* J^*JJ ^LiJl ^UJI ^jLu ^ (|S ji luSli dj^ ^^f ^ 



4jO oUjJ! ju* M : Ojd> j^j ^.j 3-11 



»L^0| ^L ^ ^hJI ^1 i^ ^jl u iy » ^\S 16 ^}$\ Jj pt 
J-^J o Jr iJ! L-LVl fcjijil ^ &! aijll JJj j# j5ju£I jtfj . uL-XiJI 

W>Ji cc^«l ^lj ^JL-'if j*I^Ji jj UjlJSilj ljUj Lj^ji jiiT^Lu^ 
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( tfjiJU tfj* &\j ) <iffi® J«"» 




JJL-h -Ujlij yJiiJi ij>a^ J*" 
■ ^i -■■■ a i^jJi ijlfr jUiudJi 

jJi^i oL^j ^ ^Lj^Jt II* £^ ^ • f*- laji M jij ■ J^ J^ 

^J J -^:t i ^u^ ii.i*ll oU^I »1j gA*l j^j . f> J*L£ JSij 

l# > j/SL iw ^ (^ J Jj s '' W ^j J r^ 

ji iJU $, ya i Oi ^fJ! ^ j* Wjj ■ H 1 ^ ** ^ "^ ^ 
J ^j t *_**!! l+yS*S (jfl ; J Ul *^ •U* ^ us**-^ 1 to^ 1 :- 

^ ^ ^j ijJBI ^L^ >i-.l lilt jj^ 5*j JUr (-*» ^r ^ ^ ur 5 ^ 1 ^ ^ 

—kiji iia jjdi , jja os* ojui 
' ■ ■ ^ * 13 4) 




LjJJj u u-iiJ.jJa- .& *^ ^j j* 



u = at= —t 
m 



US- 






( iijiJJ ^ ^iji ) crfui >jji 




. f »j*]l _^b pL*\ LIlk> jf i^jll ^ ijki ijLj jljjj u ^jjjl J 3_24 Jiy I ^ w 

c = 800,000 km/s ) f U*Vl SpjJ fi^i ^ i* tf l ^ U ^ ^l J J ^ 

JaUL Cjj-Hl.1 jjii L*rf ljjLaIJI iujJi jjj . ^ 186,0(10 mite <> iU5 ^1 J 

UjUj^ ^j L ^ ^i!jj b«f [^ijij t^jji fc^ ^ |^SS ^j ^ L^lLc^l 
. . uiu*i » O,99©$fi02 e b^i ^ J^jj c%£l?1 | ouuii Uffi 
i+yj jJ* ijjjjll Sjj^l ^ jjjj; ^ ^yi ^^j| ^ - ^ 
LLi <^ jjL^ jljp ju^jJI hJsS' &i L*J| i^fc 1^3 . 1M1] j» a^fijj >^ 



fit, 



m 



13-5) 



ffl 



i^*M ^ (3^5) SJjUil 4^; L ^j ,>iuj . ^LaiJi j^l* lALujiJu„i 



3-25 JLI ULt ^ ^ jUl1 Difi fitf ■ (3 " 5) &M M# ■ilfiSj ( H 5 J^ ) w/c Jj!JU 



. pj-» >l^ ijj]| II* . m * m y [ ^ (jjij ; Cu 1 jjU. Dj'uMjy frnH\ JjUl 
Ji "/^O^Uy ^Ulj 3-25 Jli yj ^j] ( ^| J CU jft\ ,^J| 
Lfotli.1 my £ji JSUfcll jJ m iiAi c ^ « VJ ^ L^ii Ujj . t»/ c =0.4 Jlj* 

. jA 11 Ch SyUj II «jull- !^lf jl ^ 'jaj t l>- (3-65 in*ii J r IHi 
jU.1 ^5j , ^ ij2Jl ^j: Uj^ UjJI ^ ^1^ ^i . m^ „ .J i |fc ^jj 

Jj-, .wJl ^ ^ (2*^ ^^ ^jip ^jj| ^j ^^Ji j^ ^ -j, |i4 

, jIjjj u^w jjiai ij*^ Ol ol v AI^ ^ IjJll ^ jyj" j j^l £ Lbu 
iU^ , o^UJI pj* ^ ^i ii» bJlj yj^i irtJijS* ! c J] k^JL> lie 3j^ 

^>H &Hij5 _^>>Jj ^iJ ^ J^ Uljfl pay Lpi ^i ^Li^i iJ^ JL* 



114- 



{ ttj*J] jj^i i^jJ ) ilUll J^l 




BjJjll fyjJl jj^j L+Jii ^LiJl ^jJ ^15 jpOy J^J JwrfJLf Jji jl U&y 
ju m j£ ^AjwIJIj aJLul j£aj li jaj £ ia i#j«Jl J> jU UJuj OLJ wJii , *jjIj 

: (3-4) 4JjU:i j (3-5) ftUl 



»«**.- 



ft 



11 Mi 



m 



'».. 



ifTJI? m J & 






„s - 






y' 



,P 



V 



\ " j 



' « * 



^1 






m.c 



v u / 



ft/m„ 



<; - 



f^jxJJ jAjJj^I ji*Jl J>^ tj**lj 



(3-6) 



fl.+ (Ft!m cY 



jl t ;ji— i Lu 1j_»£ju jjil &*iJl jjiij (>j J* i*j*JI jLm*I yl 0^ A*J' ^ J '^' 
Jjli* u ^ 3-26 JSill JWj ■ V > p^lj W ^ '> i5j*»-" M 

jljjJl ojj sjj^-jll U4U1 ^ k>jJl JU*| o-iu i_i>j . tj^S jj^j i»jJI 

: -J& v XtjJi 4j»i?J1 ajjSJI jl uk) 1 j^j^ 1 
Tttm„ 



v (as f -* «> .}• 



pihn cf 



-c 
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( SsyJU ^j*i Aply ) AHili J*)l 



fUl Jbai 



: ,Ja Ijjli jj£ yj jjAJj J^JI li» cy^i ij j^la 

.jpjik; j_ii *— iJ! J)_c Iu**i - vi . F [li:l , m f a Jm jua>j . ijj'ju l^ ^j J*liTill ^UJI ^j^ jwli ^'-3 

jJljJI j-j-iw jl j ^jjjj! ,.> .jJ*Jl hA^ju .hLuJI LLiJl uji *]■■■--.» tjilu i p_i> Ji ijjill iiiii.'' It OjjiaJl _ 5 

, ikjli jijjj jiib o>j <wiyi «U^ il <Sj> (>h*^ 4j£g*11 iL^plH oG ib"^>Jl o^jIaj *j JUJI jpji^ ^liJwj. 7 
^lj JL£**J| cj^ULju Lit^juj Liii^j lJjIjj _j *_-** It jjjjll ( tiUjIj Ijljju ) Jlii>"j!l I ft ic JjaJI. 8 

l. j \ 
Jo-Ail iji Lbi' , i^b c_jjjjl LjjUJI 6jSj p**J JjaUsJ* jjyi lJjLj i?j^ 4^ljS »*^ iJujj iJbi ^ H3*SUJI jSJ . 9 






I unworn (N) = 1 kjj . mltf 

LyL/^iJI jLuS'I j_*i 4Ju£]U , AjSj* iJU J jxuijJJ jw*ll <UjlJU jl i jJlifl sjj^iiJ ^blt y* m^JI 3Jii : <&3JI 

Jsaj i^Ul (till JLj i* d*li]l jj^iJl . 4>..Lj l^v-^ ^" f"^ -J^ djl** Jl Ijl JjLi* (y^ 1 ^ J'^j frj^Jl : ij^l 

. 1 m/s. J bjji iL^ 1 kg *aSS l*-^ 

; i5 Jul jH^y oi^ [}* 
. L!LjI^ JJu *^vv)l «j^ jli Ijirf ^5jL*j U |i«** J^ ipjll 4i*jL*JI JjSJJ j*^^' f-u^J! ^ Ijj : JjVl jyliJl 

. JjljJi jj^iJI Ijoju Qui jii'jiJi 11a sij«^ 
: <MJI o^lL j* i-ijIjjJI cjjU . <utbJl ij 3_j*JI ^L w »_wUw SJb> *iii w>- jie SJjil S^rJs ^Li : 1 _ f jLjJI ^jilSJI 
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— 



F 

JJ 



ji F^-™* 



, -F hl&tt ojLj cjL A JLi yw B yl* B jw>Jl ^ F iji, A ._l* jil I j} : £*JtD) jjjliJl 

: k** 

lit $# U* < ^?JJ ^IjJI j^riJI j!j Ui^ . ^>JJ ^jtjil gJIL uSj* U^ j&iystJ ^Jl J- ^l> J>rf. 1 

. |U*aJ1 to' j* bjJi jj*j J J^'d\ jjjiJJ j*£JI .-LaII . J*ll 
. <^Lj3 4±*5 <M% . SI o?J>yi »liw J oUjj? ji$l* y-^J « t ^J^' j* tf*W **< ^ ^' ^j* 1 - 2 

i j if 

/)1f u*i— J I DL» JjiLu uaJI ^li IjLe (jSL ^jjf J* Djjjll IjaJI ^iL j!5 Ijj Ail U1*j» yliJl ^jjutll ^iv*. 3 

, Ll>Ul jyJ 1 ^ HtjJi sLkjI J j(ji) jxuLi JJiw "J p*Hj , ^jL* a_ji j*Lb Ljlku L ^ *i\> iJb- ja*£- 4 
. SSijjfcll huUltl ol4JI ii JS jJU Jjuu* Jiiu L^iwki y£*y k»L*ji Ujl** ^tfJl oyliJL 5 

IjJ ^L-s ^JUl Tl^ Lj_ii jjj: ( JtJH JJtll ) i>lj jaj jj uliJjdl 4iv*!i olJ *i^vjl ill)' jA-ii ^1 jiw- 6 

, aL^II j*Ju -;!■-■ m ^ i_i^JI .jli jJ jjj i ll/tl a yi dlj . 45_^>J' jIajI ^j ouL> 
. jitliiii &***N j>1 jic jSj? y Ji' o! J^ - f-*H ^ ^ &($» ^ ^^ -j?W J 1 iM^ 1 ) u^*UalL o^' - ? 

m. = Wig J W ■ ?nj* 

; L?jt> 

. jj^Jl ljAw ^wjfJl ^*^ i£li» iuil*Jl Ji*^ ji* -i**^ ^ <J*^i - 3 

f 

jti ijj m^ i> jj£i u ^J djftikii jjyi g^j , Umj 'ij*i» h-**ji jL£ iij mg jjLxj v ^>j ^uji ^ji . 4 

; OjuJI BtL'l 

: iiiWl ^JmJI luill (jA jlji. ^j . ^1 ^ Liaa>i u^Ji jljjl Ijuy Ui«j t / r &** i*^ ^Ji* W 
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{ Ai^xU tfj|) ^jl ) oJLiJI J*tfl 



LMyill LSj*JI bi*ri jU, LpVlj , j$\ Jj. U^i j|£ ^^ c^ ^ Sji ^ : Jfi\ $&,${ ,y 






: A*>5L> 

. U*J jU,! yj i o^^ 51 oM 2*fifcTB &k* - 2 
: USUI oLjUl ^k 4j_pJI 

IF, = ma 

i w« eiB ff Ji— f Jj J1UI .jji— JJ Lnjljjl OjjJl Lfy gj& ^1 jj LJJL JSUI j^Ji J^ ty§ ^ ^tf Ij] 

, mg cos <^k ^jjjjJI ^yi Li%, ^»£j 
. iSj*JI Jl Jj]I jl iijjJl bI^jI q£b LpL>Jlj jd*UI &b Sglp JtSMl u «jj 

: 4JLJI oUjJI Jit 5JSSU1 

uhi jijjp c [,v-<i |i-^ r l bjri ^ji; L^kj . 1^1* vj ji c ^jJi 4*j^ jjUf oUj-i Jl »L^1 fjuz ji ^ *J 

: 35UJJ iL] VI) ^k iljfll j^uj . oi^ jiii Jj ^ j£i li^i }jL) >*j U ( ^|jj| Cj>d 3 ) 

m - 






jjj ^m ^^Ji <Uj5jS iai-J IJU f J*i* jj^ ji i£j_u SjliJl (JLuj Lok bj*^ ^k jllj^fl JJ jjLlI J^y lill . 1 

[ Uaji ikj^j a jUJl (jju ok inill 
V b**jlj Ij^jjj JlJJl j>°*J'* tij*^'j ^*^' ilW ji* - ^ 
L*ljit jJ jfljTll JawJ j^tJI [ ^jLJl ;> U* J^ Jit ; ^L U* Jf ^ J*jJI jj J*iJl ^ -y^ jjl»- _ 3 
, tUI _k UtL>jjj j^,j i_mIs t oiila >Lu ^ i ^ t i' l jjjl ( hLo ! i jjl^ h 5JJIj -lijij ]*«& 3j5 

-118- 



( tfpJJ jjjii j^iy ) iJiiJi JjiJi 



f jJJI *iw ^ aW ly? lp^' ^ ^ °JJ ks ■ 2 k ^ 
\f ^i £ Jt jM ^ J*i l ^1 ^ > l*jj ^ uPj* j^ 1 c^ J* f^ 1 to J ^ i; l- 5 

• ***** yw «* # & ^ • ^ l ^ J1 j** 
^Li 01 w> > '^^ l *** j*j« *- ■ ^ a ^j oUj j r* ^ " Uii,:u:i "^' ^' oljjl ^ " 9 

l^i -^rji ^ iife jl**i ^ jj ■ ^ cr ] ■ ^ ^^ ^' *^ ^ ^' ^ u "" il 

aHM i*J ^~ ^ jlh# ^^ ^ Wl '^ i> ■ jw" ^ *^ ^ ! > ^* ' jW ^ " H 

^ Ifi L^ ^ ? ^1 L^ ^ ^1 Ml ^ >i Jl JLJI jfll ^ t^ ^" ^' ^ ^ ^ ^" 13 
J ^UWj ^ J 4y* v<n CU ■ 2.0 m l^li: ; l SjS ^ ^1 > ^ ^ ^ J ^ ^1 M 1 ^- 14 



a-i 



hJl\ 



,1j J >jifj * WO m/s* Ujd M ^^7 8 ' 5 K L +^ yfN ^ > J* ^ ^ j^ 1 ^' J ljL U " X 
! : ,^Ji £h 2.35 cm U> *IU o*U J o^ J ^ _liikJI b r J lj ^ U ' ^ 1L ^ 1 

? IL^JI si* ^1* Jjj^JJ i+jyil 

/A U . 26,7 N ^jU 0;485 m/s l*jl^ 53JS U>* ^it Mj ^* ^j^ ^ ^^ tf 3 L 3^ 1 ^' '^' " 4 

1 45^ L6UI iJlSj^^l dji 

-119- 



( AijjJJ jjjjj jjjiy ) diiiiJi j^wji 



55-2 kg <Jlrt jjj_L) jVjJl ujj^j o'jj 3tiJ> N Uji 8jaj _jjjty Jl L-JL 27" U,ji Lyl^ ^i*^ J+> ii IJJ _ [> 
! jjj^aJi iS^*J JLSUIl ililSbi.1l Ei ; |ji+ L, , 20.5 cm/s U,j3 j!j!i| i^U b^ l^i L^ ; i Ji 

■ 

s^Ji jUL L. 165 N J_**Ji ji jjJi jlij , 41 ^ l*l>j« oij 13.5 ra/a by* jUli ibU i*^ tf^ VJ U . 6 

V ilMij ^1 _> .IjjJI ^ /)_, ^n jki j| S^ljli Sjui jii u ( V ) f Jfcll #> U ( i ) , 6,6 kg 
4770 N bjjs '0>\ if L^la j$ $ ^ jt» &£ J 0175 ra/a? U,ji '*!** 1720 kg l^sbs" » ,Uv v ,■ ^ . J) . 8 

9.4 fl tjjj ,>j J5A> 80km/h Jj ijUf fc* ^Lull Lp£u; lOfiOkg L^ltf jJw« SjLu J ot^l ^-i _^jj . 9 ■ 

* UkJ[ *ja L^Li^ SjLJI jL; jJj^ ^i ^.^ jU! iyil ^L, Jji* Lt 

JJ a^-Ji c^ l^* ttjba l^^ji SjL_ji ^L-s # j^i ijti . ,1730 kg l#3M jij*l y^ ^^j j^ . 10 

■ ojL-J' ilt ^ *-**•*" J** L*v A^ J v^ j3JI Kjfl j'4* U < 10.3 s Jjl» 2.3 m/s 
JLL)i LdjMii jy]| jljjt* U . 94.5 m UjJ uLu J}L» 1570 % l^iliij 17,5 m/s Ja*^ Uj#a* o^ ■-■J-V - 11 

3-5 will 
IjlA J Sp y li (v) f ^>UI tUJl gjgll ^1* Jjll s^l Jl+ j\At U.( i ) . yijVl ^ 5 M L^j 5 :^ iLJ . 12 

^ U (v) ? Sjfli ^ jJy; E^fiJl ^U jl j£» U t i ) . SiiO* ^ *)*3-*i 13 yLi! _y SjjSlil Ej£Jl J yipii! . 13 

! u^jSi ^ ji^i jl* EjSfl ^ jij: _yJi ( fi^iU Jjj jj Uj ) ^jSi 
J *i*-UJl jit 5jUJt L*j ji_p ^1 EjjQI jLi. U , 26,000 N Ujji 5^ l^U ojili Sj^ ijL- i^b ^^^i _ M 

f 4I3.LJI ^| juii ijljjh! SjL^JI jjbij IjU 
iiit c^l . _ys[ dI^JI _y Ejj_« 75 rm l+J^j L^J^U ^Oiij i Jj«J jwG ^ il-ii l^« il^ Ljji - IS ■ 
ijj^U J_>!j illkll ii*^ J ui>jju , 970 ni/a Ln_,l iL> Ic^^ij LiiiJl o5jii LijuuJl sis ^ 9,0 g LjJbii' 

^ U.i>! ^U^ m., = 4.1 kg jW\ "4£j m y = U hg J^l UjL< ^U^ 16 - 
ijjtfl oJLS IJ[ . 3-1,. JiiJL ^_« j_a L^ L_ji'[iL*l *} Sj^j J^ j>$l 
? 0^ ri -jJ< LUj: LiJ U ( I ) t ti,a N lSjLj fftj jJ* Bj4>l'j C*-o)ll 

t ,> "i'oy m s .UjJ ^ii,j>j j-^'UIl sLs-J^I J jJp F liiitf 

3-6 







3~I f JiA 



ra. 






» 60 kg <Jj5 y^xiw ( V ) * 1.0 kg L^JLLi i^S ( I j ; ( ^jUlj ^L ) Lull ^U^Vl ,>* JJ ojj U, 17 
? ij]| (> 454 g (-AJ f 1 ton i$& ( ^k ^Ijj* ) i^ ( j ) P 1350 kg 'f-h< ijLv __}.) 
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( SSjaO ^jw j*ilj5 ) iiiM JjiJI 



? l*iJL t> Li> Js 1 ( j) ? 1750N l*Jjj *#A* "drf { j ) ? 160 lb 
, fl = 0,77 tti/h2 Ujji *!*« jiiil jl Jij^O. ^i>JI ^tfj ( Jd jl UJ, 54 N Lf\$ Li* ^a> j^ j^> - 19 

L , JlJ J] Uij ft = 0.155 ntf Jlj^OI il*f oJtfj i 5J0.S kg 4l# u-tUJl > Jlj* Jlji) J*> : j3J^ _ au 

v J**JI ji iilllJ 

: a = L.63 mtf Ujji L^ J*-' J! C*L l fcM > E,J ^ l* ^A i* ^ ^ Uf f^ 1 *' fc*jl -21 ■ 
B L (v) f >ifl riw JU ;UiJ< jilj ^j U ( i ) , ^i Ji 9601s' ^UiJ' WJU Ojj »Ui ^ij gtiij 

? ^A'l ^1* <±S L (_*■) ? ^JJL Jfi 



3-7 



|hJ]1 




i^jaij 70 N JjL-j 3-2 f JiilLf ^JLi ££ fy _ 22 



3-2^ jSi 




a~3f j*a 




Hi 



ip^bfi). 0.22 J? U tfUM ^Ui &tj 



Sp' ^ Li ( I ) . 0,42 JjLu J&>^l J^Lhj r = 39 N l 54 N tfjLe 2-3 f J&W ^ JWI ^ $tS Uj . iJ5 ■ 
^ u_Ji_tJi &1S [j| , 4*3l*JI ^b cmw 27° Ujd ^jfj, JJU jjU ^ JA-I J! 5.5 kg dsS fyi* jJ^ . 2C 
^1 ^ iJQII ijj -^ JSUI ^jUl S^l) ^ij . ^l. ^jlj ^j l&n -^ 6y-» ^ 27 g dii Jii jij - 27 

ojj &IJ Uj ^1 ^ ^Wl \w ^ P<£U. 0.5 jjL, -3 3 r Jiill ^ j$#Ldl ^L^^Ji J,Lu. SB ■ 

? 1611 N 
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(UjfcUj^^lyj^lJHjaAll 



Cm ijUl ^^ ^La g| ^ ULi. Jii Ui i 0,62 ^ ^ ^ oljlfcj ^ JLSi^l J*U< o^ tij - 29 ■ 

< u 20.7 iii/h JjojiJl 
(&* Ah 4L£*Yl J^Lu ^ (ijj . j^l jjj L>^ &.5S m/s Jjljw Blj v*j[ ^ ^ Jit &l£-3fl ■ 

Js^]| JJ jaw loi ^ ^i iiLJ) U : 0.15 ^jS'lj 
UoZll ctJLi lij oL-ij j-ijLi ^JU 34.2 m/g Ujji le^-j tfyi ijL-i l^J'sLi JLflj ^l ^j iiU j*ll L . 31 ■ 
! 0.83 jyUl ^ SjUl oljlti ^ ( ^^1 J|£>^| j^ ) iJbSU^I J^Ul jyJaJl 

j_*jl . 0.S8 cm J^L> 6,35 * 10 1 m/s Jl ajLJ ^ ^^ L.J ^i m = 9,1 x 10" 31 kg 5jyj£JJ r_,L^ . 32 

c 

L 0.77 m Lijjj 4JL-, Jyi o%a 5^ 17.6 mk laJA uyj J^s nuu kg 1^5 SjLw ^jkj . S3 

i>* cukji ^ 166 iWs UjIjaj i*^* 2.3 t:m >| <•■■■■ 4}*-^ I ll* cdJ 9.1 g L^£ ^Uj uiL ^iij, 34 ■ 

V J^iyi UL3 ^is l^LojII l#j jijj yjjll aJaL-jjUl ijcll UJ L . 92 iii/h Lijl.il. kj* >^l yH^Jl 
LJL> jj 1(3 kg LjjIjL Utf J^> jllSL pfcL* J^> ^Ijj^L ^j j| LLij 3.2 kg U,jj iltf ^jai lij . 35 ■ 

* 3.2 ks U^U l^ J ^ Ji!\ jl l^lj iL^ jjit ui i £j£JI 
. 0,36 -U% ij^Jl te je^Th ^^ 6 i£ lij . V ^S LpJ^ Ji ft 0j Ul ^ ijsl ^Ul J b> oL. 36 . 

^U jjL-Jl Lbl^w jl j_i« 4iU Jii jA L . 22.5 m/g Jjjt^ 'iSy^ DjLh J*t* Jj ^ ~&y&JBJi-$l ■ 
. 0,24 tfjU j-ilij ^jS3l £afj JLrf--! o^jJI tj?jS JI32 V i^; I^Uj Jj^s jl Ji ^UmjI> 
p fij&a Ji^ 3^U SjUl cul^j i 23^ ^lj JiU ij^u jbijfi 4i»Li jjj^ ^ ^ ^aj ^Jl5_ 38 ■ 

^iJi ^J iyH«ll v i^ jj]l J*iJI ji jljJi . 89 ■■ 
jJ jjjlj i^Jlill ii^ a>J . B8 N ^jU ShJ* 

h4$ J^ ^.L^ ^ji Uni ^J'w*;i jj_S' . LL^ ^\J}\ 

, 0.33 pUl, j^JUJI j* iH£l*^| 
J^JI jj 0,62 m/fl ! Uji ^*j jjJIill y L^I Ljj^j ^ll T i*J U - 411 ■ 
^u Jli^^l JjU* ilS fj] i,.f }L# iftSl*.TH jjs liitS IJI ( 1 ) ( M* 
. U^ Ji J ^i J^jill Ja> pJ j jjjf Ljul j*y r Q.43 -kJij ^liJi 
. 1.92kg 4>U 2 ^JUiJI ^ 3.2Dkg ^U M. J£il ji 1 .J till "^.41 ■ 
? J+^* JLSis>1'l yi jjjJj J,i^ji)l J,^ ji juUIj (>jiJl*]l ijtf Lui U ( I ) 
. 1 ^JW Jit 10.2 N yjAi (ji jjj; UiIp aJUi ^ ( v ) 
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^jfia 



iota 



( <Sj>U jjjjU jjuljJ ) tiJLiJI JumJI 




, 1650 g ujjUj a ^ ( l ^5j 2650 g jjU 1 ^ iJtf 3-5 r Jii)i ji - 42 ■ 
Jjjb Li . 1 .44 a JMi 6£ tm Ujji <uLu 2 tnjj^l iiiLr &p$jjj Jj_>>j jj* 
_jL^ _J Jl£*l ijjji jtwj »it yjjiil V 1 f»*?Jl i5j-*J ^J_^l JJl£i*^l ijj 

frUtfl £1^3 ^ f jM ^.jjl ^Ui5j 3-G f Ji^Jl jjpttji ^ o*jl _ 43 ■ 

F iTA», tl£]| "J** a»jl . Lf [£l>l 3j Mil l^it 3-7^ Jlill ^ BjSjJl . 44 ■ 



r 




30 kg 



TVm, 



3-fl f JiA 




5r* 



8-7 f Jtt 




3-8p Jii 





a-9f Jii 




j m, = 375 g» ?ra 2 - 275 g jb* G; wij ^JbiSJ! 

Ijl . m»Ij 700 g *_L^SJ1 i>j vJiiU jkJIj jjUH jJaJl 
^3L.J= 1.90 N ^1L£ Uji; a = 135 cm/s* ^^ 



, Bl 3 .w;366g.j 



3-lO f JSi 
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( iij^ tfjjl ty\j ) idljJI J*il| 



J^'i ^Tjl . fl ■ 0.2S $ |j] fyj I ^ 

. ft 4 g 1 m t jj^JJJ 



3-1 l f Jis 




s-ia f jta 



=jJ-H £^ <jjj 1 Af ^di> US £Jjj J I2 f Ji±J( ^ i" ^ _ 49 
fcLi IJI . JiUJj ^j\ } M & JIS^I JU ^ , m ^ ^ 



ijj-f -'II *C" ^"N'l JjLjj j -.1 



UjUo*| ^ ^Jj L^Jl JLyj L ( ^jjl hl$ 




3-lS r ji* 



U (' I } 265 N jjLj Lp« t^| ^ 85 kg dtf j^ tf^j a^JJ Sj j3| . 50 . 

3-l^f J£JJ! ^ 2.85 kg %£| jj ^Kffl ^ ^[_ 51 B 
J;* (V) ■ 0.77 ^LJI^ ^JliJl ^ JLk>^| ^U fll$ Ijl 

^j sjjji iUji ua j^ ijj jl ) jja^fi ct^ %i?f Lj^j 

.(JS4JI 



f 0.4. « ^ fltf B, (y) , r ^ ^, ^ (ij ( | ) ^ J{ ^ ^ ^ ^ ^ 
¥ 2.70 oft! J^ jm j, (v , , 3i€S nv/B , J^ ^ j f I ", ^ jU ^ ^ ^ . tf , kM 
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{ iSj^JJ tfui jjiljj ) <iJtil1 J-v^iJI- 



LL* Jj ,1 ji e*JSj*ai (_>) t 16,5 m/g J iW ^i J! ftpjUi (y) t &JtfL ( i ) jLi!^ ^tf |j[ 



1 tr/h U > 



JU)I L^ ^11 «LJi U . 32° 4tyl) JJU j>w jU ^U J! ^»£Jl 6* tfijrtl 0,95 kg «lltf . ^JO'%.66 1 

f ^LJl^ uJUJ1 ^ /i = U.50 jl£" Ijj ( V ) . 1L^ d£s»4 itS 13} ( I J , 2,7 s J,i j 
LpJ*Sj Jll iiUll L. , ^MH\ Ji ^-i)b S.G n Uji ^ J^ J3 J* "*iSL 1250 kg l*±S ijl** dfe. 57 ■ 



Uflt 



'^..^ UU.ll cJLij i hjiUi, jiii J^ jb &jIi£L fcUfc Jfcfj j M ? U*LiHi' jU^t* 6^j* - ! " j8 ■■ 
ai^*3i L?li 4J j_s]I J^cm yjUtj j^vJ! j-Aj I Sfjuitl u*tij r li (j^jaII jif> J^» J** #*■ £> e 
^j i^l u V &L5UjJl fJ U3 2 LjiJI £tyl ^JL £-y* Jl ^ ( I ) ■ ^>^ ^ [i> l sL v *M 

j_^ j ^ j*j ju^i jj jf-^ oil r o 4i.jij iiu ^^ ^Ai jjii- sm >^ j-<uii L ijyij 

j1> o_b.l' . J_s*t ki> iljAJ-L L^jjj JjL y »ji iijL* j*« Jt Sj*** i_&& <^ y JjiL-* ^^ - fi[ * " 

, -1 JJ Il^UL fi.n^ Ujjj ^jf}f J^*j tirfj JjJOlJI i»i Ljjj i^LJI ^ 
5UU oLSj ^i 4^ ^ 4 kg Cb^ 11^ Ji^. 3-l4 f J£_iJi . 01 "■ 

. i^jjJI Jfi 0,6 j O.R ^—^11 &>LJ} ^yvJlj ^l***)!! JL^l*^i 

jSVi jy 30" ij«jJ ijyi} ?i*j »M jj r>o n Uji »jfe jiiwJi c^j^i 

^^ &bJ ^^ iJ ^i iJfi ^ /y <^i 5ji 3-l5 f JiiJI JUt - C5Si ■ 

i i 

|jj . Jjji-Jf ^ JJJ*^' >^ ^^ ^-j^ ^ ^' aijl - 51 ^J 3 ' ■ i/^J 
jU3U Jii ^ Ui . (16/5 iJlillj MWI o^ j£^l >4BSi*^l J^U* atf 
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!'■ 5D N 



3-14 ? Jii 



"W 




B-lfif J^ 






( 4ij*D jjjjj jji^ ) iJ&ll j^ui 






u^L* 6^f jS#a-HI d^lfl J^j < 200 g *USJ jjLJf ^kJ| ^ ;^ 3_ifi f juji ^ 50 g iM)l _ 63 

* t#p*«N £jU ^i 20Og MU j^LJl ^kJl Jt Lib 




3-18^ J&A 



126 









. 4j£LJ| UiiSlj iLi*ilL i-ljjjiJl *i# 6-* »l* 'j^ i>v>^ 
JJj jjjj V$J iijtj^JI Jy^j «*^ ujyk l^ *0v* 

^',,1* jjjJujI l-±»j JL^u Lffl iiw> j* IjI 3jJJii *Aly*l JAw 
JUjI Ijl ^LrfLlI ^,uS»j-tf jA*J JjJJJ? Jj"J' li* i-fljJ ^tul 

. Uplift IfJjllI g&ill J* Jj»^j O^r^J^J^ &**■ j*^ '<&& l^^- W I y*S-Jl *Jl* j* 




j< p^T^V 



y1jj"^UJj^^4-l 



£jyi o^LJ ^ *^' tA*i J j^' bjil\ . d\'pi iiiSl oM >%) ■ jW**l 
^ Ijj JJJL* 4> »j4jll »>iJl jil- ^ J v« ^Ul'j Jj^ 1 0S*k ^ 
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C iA^^II (SipO^yjmill 




tfjUd ( V 3-1 ^uil ) ^U]| ^ ^u ^ ^ UUJ ^ 



IF. = 



IF J= 



^ ■ (4-1) 



p-pt=q 







64 N 



80 N V f 



48 W 



: 4-2 JLS 



:4-lJU4 
T ^ i f] &44I1 o^ 4i#L; ^5Ul |^11 L ; J^ 

1 

L , Jrfi* ,1^1 ^ ^ ^ ^ Jjtfj ^ ^ ^ ^ ^ f , . j^ 

. .v >L^I jJ -48 N 






( ^m iijrti ) «y i j-*n 



j*Ji 



F t = + 48 N 



F 2 = -64N 



I jl ^ j F^ *j>.ji . fi, *-U+*. Jj-L i 4-2 JiiJI ji 80 N Sjiil Jj^oJ : j^ 



ft.-UGNiA«70N:4iWfl 



RS42NCJJS 







liutL;Vl^JiLll>4-2 



pjc JiU-, fcj jxJ^ J_j. ^jJ 4-1 dJjUll fU*+J jJ*i ^ij^ (> Ji& 

J_Li Jaiii j *-l*JI lii if iji jl( jjiJl . w i1q>jj jw ^jJi ***>JI JjpI . 1 

. (4-1) "<bLJl LL£J L^llau ^| jyJI 

,4-lZW-il jSL4 



: 4-2J^ 
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( jMJi\ flijrti ) &/ >u 




w 




:4-3 JS*1 



V jh^>JI _U Ojjjll ^ydt jji>j ,ji*j ^tki' : JILf 
J^sJl lUj , 400 N ijiAj j*J JJ j*\j\ d*rfl J jJjy f**ll Cijj ■ Ll*!tl 
(^uOnIii L1j5j C^> j Od^*J' **l*J**' j^ bi*j>v l^JJ*" lj*^*Jl u^ u' V^ Ju ^' 
e > >M (jjLJl Liiiil #—<jjj . -Fj _j F t ,ji*j*JL ,^jjaJ1 bfiU-^ j*jd ■ p" 1 ^' ^ 

. ^IpU Jj^lljill : Lb^i 

v L^Lijj ijliS j^Lu uL£ . j[J*^>j F„ j F [ j kiLt> : JIL: 

^-LJjj^il t'^ j T| l^JjaJ' jj**^ J-^ wjlj^l rijj ^**^s ^+ m^ ^1 ijj : "Ul>j' 

: (jjj i \_yjyJI ,J^ t .V j J£ jjaLjJlH J 

(F^ = F 3 ms 37° = (0.8(I)F, j",), = F, Bin 37 u - (0.60)F l 
(F a ), = F 3 cos 53° = (0.60)F a (F s ), = F, Bin 37* 2 (Q.80)F 3 

, _*4-S JiiL w oLi^l sIa 

: jm iUjli <j*^l Sjjrflj ji U\ = j IF* = jM 1 ! ¥*?' 

(Q.8)Fj + (Q.6)F 3 = mW t + (U,tt)F s - 400 N = 

(0.8)^ + (0.6)^ = ( 1 ) 

(Q,6)F,+(0.8)F,-400N*0 ( V ) 



0.64 F 2 + QABF 1 -320N = 



(jk.) 



1.00F 3 -320N^O F a = 320 N 

: (_%■) ifjLnll J -'Fj '<*$ &t &y^kj 
0.48*j= (0.36X320 N) F^240N 
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( jlJLLVI Gljflfl ) ylj|j J^ill 



: &l jl>J (w) iJjUll 
0,80f 2 1 (0.60X0.75^) 40DT = 

,f 1 =24[)K ; F t Ji- 

i*jji Ljlj LfJU J£ »Laj (>jL" *U*ivl &L> ^ iiiiM Sjjhb Ji*j 4^4 JilJI 
Ojj j-^l jj Ui t 60 N p *£. lii J**^ If J*> JS fcl* liii . jiiSl £, 2fc 





W 



r,o N 



f,l)N 



:4-4 Jtt 

. ■Uiiili tit j» JU$lj 




20,5 N" (- 



20.5 N 



5MN 



Mvl v 




w 



<») 



k&H fi -j*) i J^U 0oJ J &Wl C^ 1 0' ' 4 ~4 J£ill ji J^ : Ol^lll 

J_iiJl J_Wj . k^> J^ J 60 N ^jJ U *_•*_■* jjJI i]jJf Jj 5* ij>J 
l> J_3' jJ 14JI ji ^jJu oUi LIUli jj ^jJi j^JJ jiUJI LL*JI u4-4 

fcj Ji £J ^Ji ^i jkt Ui ( J Ml J ^ yy.) ff &^ : W 






(^iLtWaijflijgijitjrfDi 



; ^L Li' L#i fel^M 
T y = T Bin 20° a 7X0.34) r t = T cos $0* = CT0.94) 

f ^C, W mw Ojjj^' iyjj tftt M I. : J!> 

T *JJ UJUl si+ij . T = GON <iy> i U* jJiL jljflU J^l J^Al! : 4jL*YI 

. T 7 = 20.5N j r T - 56.4N J frfcSjlJ ^jU, ^ j^i 

: ^rfs IF V - SS*J] LI j4 4 J£DLi ^ ^ Us' j^ UU*t ^ 

20.5 N + 2U.5 N - W mK( = 

. W^ = 41.0 N <y» Ll^l ; 'AiiLUJy J*ll 
lif^ Ifij 1,1 Ty ajp L^iiLi LjLu ^jLu JJJ J** L+iiw *i jjkpJl ft! Ji>"]l 



iljjjJi ^ 4-3 





J^-vJl jjj , ^j5LjL-ifl fr\yi JJL> J «»jL*JI j|i* jl> HibJ ^j Jj^j ^liijj 

ell . iiiuu, pLj ^ LijIb ijL-* Ji*> jiJl 1-6 JiLiJl J| He^lj *1Uj rU^l 

( LJjjL* ) yjj*] Ji 4-^Jl*JI 3j3 j*j JUJI jj ( i ) tyfi\ ^ (Uljjjl *JL» ^i S i_Jl 

. ^L^ SjJUll ^ ^J UUJI tin ^J; -Fj j Fj : rt*j1l ^jULjjIjIII 
^ |jj] »jk«H jli IF = iyjl ji_>i d^ -F, ^ $p F, ji $4 f-ejJLi 

^v^v ,y> 4m>j |ijL : u'jJt^W J^ ' >>' J*>! J^-JJ jl V*i ' JJj ■ tj'jj^' 
, *U>^l ^Ijjj tfyil\ i_u^j „Jj^ <J5Lj ij! lal* j^]j e JllJl ■ LdJf 

J1*j j ill 4-6 JiilL la^jll ^^l[ ilj^,| (jlij ulj^JLj jjSJl *j^U IjIjJ 

1 j_iljijjJ I _jj — SLaJ>I jjj*j jj&j JIaUIj U5 jjii*Jl ^i ivj*^ ji^j ■ jljjjJI jjj^ 
JjL>J Ulu i ItLJl tjjlic ij'jj j bL»jI ^ li-»oJl jjjjj JjLtu F a Ojjtl'i . SjSil 
olj_* cj_s Lfj^iJl ojljs ''j^Ijj ■ IpLJI vj^* illJ J c ^' o-^ j* ^*jij^ ^j 

; AtXj I wa* >>yj JIj«jJI ujUJI *j Oj^y (j^ 1 j^' 



(u)^o^^*^ 
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{ j#ui\ jipi } s iyi j^i 



. qIjjjII jjj*j yS liijuj soil jliLi ^i Ji J jb ijly jJIjjj^I jrfJnH jl jj|. t^IjJI i> 

; J$\ iji]| jIjL ja>j LtJuU o>y f 1 ^ 1 t>l ^j^ 1 l*JJ 
(O-SLXT^wiyi^ljixFj 






# II 



J j lit ^1_,JJ JjUI y ,li» 

jiM j^ M 



:4-7jil 
1 t , WljA £ijS ji ijtf w^i J*U 



J jpt Jii ( 1 ) 




( J— ^ ) oIjjj jj^* Ah* (he 



:4-6Jii 

: jl L£ 1«ji Jl f Lj i_Lj*j jiii ( t^J' -l>i* 4jSp J^Kju JL^j II Ja> j*j ) 
jie ijJJl _jJj3 J JJI JwJ'j O^w j}** ta ^V "'-^ f ^ ^ ^M £.b^ 

. iLmIaJLiI 

■■* 

tjMJ\ f Ijl jj* ijill yj* sP>^ ii,^ J^ 4)* °J* ^'^ T^*" j'jj^' f J* 

. T - LJfjJI fljj x jjaJi : tj|]i iifJ 

jj^JU IjU ijiJl Jj J*> l*d Cjj^ ^* UWl S ^1 f jJ U#J oJUl &, 

T=OxF=0 
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Jj_* jjjJf JAf— I tjjjjJ jljjjJl »jp j^£j j4>JL* Bjill JjJ 5 Ja> j*i L*ju# c (ji] 

— »J 4 cjjII olj_>j _j 4— (JjAl 4JLJ1 oL>j Ji ^jlrfjll »jf iili>j g£ Lil 

. SI i$A>j]l jiliu i (m.N) ^ . LptJi 

yii_J , U 5»*J"/ LilU JajJ<4 |jlj*jJl p\£ gl I J* , Juu . gJ***5 *** UAjjliU ^Ujwl j* 

jJ giljjjJl .jj tUJi iijj $1 ,j£ju:j . uLJl ^jli* ^Ijjj &L*i! ^fj£* ^ j>^l 

isLJl vjL^ u'jjJ »M t>*& j* <)*j«J iU *i Ji J*" lT^ &^' fJ>° J^" 

, mJJi iLJL tiljils (cw) jjLJi u .if 

4-1 ,£><&>£ J&> 



— ■ n— --^- 






4-8 JUi 'n^ 



I 



^ 



r* 
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( ^L^VI olj^l ) $1/ J-JJI 









F, t6F 4 



jljfll ^UIWjbJ. 4-4 



T^iji jljjjl -j-P iJ^fju SjaU ^IjjjJI j^UJl ,>£ ^ JljS' Hi/ jl j*j ^ili) 

VJ L^i c^i Jj . ^is-li jij^yj jj^Si^ ^tiii j.^i UL? LUc j^ji & 

jljjj cL>JI ^£* jjj UUl vjUe yLo sL^-l jJ ^*Jl jl* 5j5}ll ^jjJ 1 

IT-O 

SF, = IFj, - ST = (4-2) 

U*jJi ilk iii t iiijjjJI *}* ty "^ * ijifl » jf- n ) * >j*N " jL*iluJl *jij-^ 
, ^>U >+&u ^uLJLi LlAi » ■ \ju I fljJu d**JI f !',j Jt-ij Lt 'us 

; jljj^ JjSl Jsjill jjJw i£ Jj£) i JW $tf dy® ^ Ul ^1 j3 

. jjji w^i; ^w j w^-i' u* ^ ^ ^jii t£p\ jn*. u^ &i i^ ji pi 

. ^ ^UJl j*Ji ^ jiLJi UaII ji p^JI Jf 



i^iv jj usl < Jj^-m jj sjlja* ^' t ^aJ' iiy ,;j *^JLL,i ) is J'lU 1^ ll^jiil * 

. Hill Im Jl j*^f i*!+Jl J»5lWl > 1^ ^i «^!j 

-13ft- 



( J#\iSS\ aijfl! ) $\J\ >ill 





2000 \ 






P> 



: 4-4 J12U 
. jJai $n jj J*wi aui j *&ii ^.ji , >^ jjyi j 2000 w 

i (jitaii JVJiluii 
'■ j^ f | . ..^N JLJI lih>H uj uj^w l4 J i : Jl]*l 

f v; -iiili ^1* jjilil JjiH U ; Jljy 
6*J > , P ; «mJI JkiSUA L^ jjji jjl jU :*£Jf > J* J Mil : *ft*?l 

. tf U»E ^^ij V" li iiJj EjJ i^yw j^ly (j£Jj ; ^IajJI ^ 6^** Ji* 'i* ■ **I>J/I 
jj_t *-*ijJ»J v*Jl f-.v-^)l .lj_.ll LUaJl J l.ji>l-h,*l Jj^ ilf iji>j Ijj ; Jli*' 



Liul j_ij (j_B4 i LJL) SjLiLj jjJUl jlJis jl# J*sjkL» LDJs *£jju»- lil ; ^L>^l 
U ji>l IjJ 4* ply I* J* * _i Ji ^>^h ' >>l ljjIjL . juSUll «L»J il L>ji>l 

. olL>Jl *<j*[ Alt Aj^ 1*^ 

j^iil lj* i ^jJ . 2000 N ^3 JI J**j ^1 t±>fl lyi\ jA juiJli . ^ : AjL>YI 

^£ ^ i,U?l aw j*Jl f^OI ^Ul LL&JI oj^-j ■ 2000 N ^U 6? ^^ 

i_,j i JUL jaUs *K v^I 0' ^ ■ V 1 - J^^ Cw j* L** ^^ li4 

. ^>Jl u^J! jyi iik>il V >pp-d\ LjJISj j 5jjji I ly&\ ^»j ij5ljj u 

f |^5U Jj^tl ijiJI ,> i^jUJI o^jUII jj> U ; JI)- 

frr-ufa -H + CDJtff = : ^WH 

IF, = : (G.866)T t V- 2000 N - 

^ j^j ujlj u ji*, jj £ n»a ujji it t ? i r j» j<*Lh ^^ h-j ^ 

? aLX £n j JJt >"fl ijAll U ; J!jH 
, Et ^ l jl_p)U jllill itjill : V^5" 
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( ^jMUj^i ) piyi >iJi 



1.5 Tfl 




Lw,^H ^ L-y* (Jj*i LS^*I IJ! C#J ( i^J*" ^J* JF 4 ^ '■ *W 

; UjW jL* J^ DljJi fjiJ* cljlij j^i ffc*U( ; ^l*? 1 
sis ^ LiU* jjj . T = 2310 N J a*0 ^i UjUIi pfcfcU* f UiLi*)ljJ*i)» 

, JJ = 1150 N, V- d ■ ifaf . 4-9 JtDl ji V j if j*j] . uej-w 



:d 



WOK 



: 4-10 J&A 



: 4-5 JL^ 

. ^i «j ja ^ 41 ji jB dij > 900 N «£; 4-10 jfiU ^ g*jU j*j» 
, j^ c JJi ^ $1 ^1 . ci JJi J* gUSttll u, $ jOji jjiJi i*ji 

J_^ L^ J5 ^ji ^Jl ^ jJW I iUIl j« *Jj*4- ijP uS^ ^Li. ^U^l UyjNl 

. ..,^.11 JL,yJl kJsiil ^jjjj li*j ■ Ujljai iJL i*i ^b Jj»>1* LIU j* iJ*j 

. F, j J? ; ^jiJJ l£il1 ^tjl^-1 J>t (w4-10 JSi) ^L; ^^1 j>H 

"i-^jliJ J^IJsjJJI^^IiL j Jl> 

F, - 900 N + F^ 






4-fi p-*tl ^^ j> 5MJ ^J j^ * 



-137. 



{ j^ui\ a^yi ) g\j\ >yi 







(900 N)(3 mj ftftj mj = Q ■ l&$\ 

LfcjSili jjj ^ .ft - -1800 N ^ fljjjj ^ <JjU. «4iiWlj J*J1 
^uuILj . jjJl j»*c>JJ ^LuJIhteJI ^ oLijli-P li ^Iju ft tl*jl J LiUI 

ft - 900 N -(-1800 N)* 2700 N 

JLju^JI iL^I jic J_-*: Lili ft ifl t\*?l ^LiJi jLii^l li^ Jfcj 

, Lij^l oLLdi flj^| ji iljLiVL GtjjJ] lilt 



JiKI j5y 4-5 



ujL-iiJ j*-^ j,l m>1 lnj jjl j IS 1 gj^[ jjjliLi3 4-5 » 4-4 gJlill ji Lu^l^ 

Jtj-*j i gJjAJLj ^jJtr ijl_A>J jJ>J (jl g! jijJ yJJJ Ujilj 4 -Jj> O^jJl fjj^ 
*_jl±jusJ| jl Lijji <}Lj ^JLSJl JLjubuJl LujIiJi , 4-6 *-jJl j3 **ejll lis ^Uj 

jiLiJl J»j_l]l j_ukj j_1* J-ii*i\ jj ij$\ JL>3i oLj5 IjIjJ j^l *jJU t ctfllWl 
ijJui uJi> «_*i»Jl jjf L#jL»Jl ijJ jjjIj *H> 0»jj jj' ^ _j»i J** 4 ^ ' O'j^J 

? jliiil ;J **JI Jj L-JL LfJ LjIjJI pip lwLj. 
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( jSJli-iH tfpVi ) M j*i)i 




V) 



s jut *Jy (jj-*i! i-*-^ 6*1 l5j^ ■ f***J' ( c -l$) J*J j^j^ ^ t " ^ tj*^ >J>*j 

i[]j jjJUVjJ , 4-11 JUL jjji f-**J' J«J jSji ^-e_J* 6ii*J Jjji Uil ubJjI 
j_» ii^iJi jl jyJj I A jSiU J***JI Jj: &U jb J^U4 Jsa^ uJ Hj\ ***»JL jUj 
JLJJy iJj_j til* ljjl£ SyS jLiil u^Jl ikj I j| . i 5 iLULr jL jpu J_p- flljjjjl 

JLi* , iJj: EjJ^ll yljjjJi *jjjtj j^jjl yljJ^I i*^ JliJb ^#11 aljrfl *#j 
kJhll J iiJIj jLii Jl lL*lj jjj3* luJbjJl &j3 La i_**Jl J* Lis ilSjJj* y'Jp 
(jjJjSJl OjjLf— I ,j*L»^^l g< 'r" lj 6p *^ j— ^ 'J^* ■ jjfc' JJ iflj <*Mj 

1 i 4-11 JiiJL AB kJj! iL*Jl Jj lyj* LuiLJ jjb jJLj &|$ lij Ja£j ikuw 

^jiji JiiiV^ . w4-ll <j&JL) L»5M i5j»y *-b*J 6* *-i*OI j^1*jj j*' ^ 
^J»i U£j WNLjJI u\H^\ ^ j±$ 4-ujUJI J J£LJ c^ j-UI jUl 

r 

jjl sUi j_( riJu^j C ~&£ll Ljyj jwj iUliJl jaUaII 4iiu ^w iLij Ik* JU* 




: 4-11 JS*1 

^4 Jij jl j* ^jj*il ijl* yjjk 






■j Jl j ,1^- f Lu| hjUfi J^j hit O.j 
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( ^ll,v! jjjffl ) ff ijij >ij[ 




j>« 4-c^ij oLydllj cifjSJJj j^iJtf t 1*-JI J3LuJ( oil .L*3U i^L; 
. 3JUJI J^» ejj^ OjU Jf Ji > pijJL UrijJl ySj* J & JIS1I J^ 



'J) 



t 






■• 6-* 



w 






(y) 



: 4-12 JU 



ILi. f .tW-* U ! jUj i ^|j ^Ijjj J>fcl tffl UL* ^ jj^jli ^ ^ U (ili 

^ ^ f-*n b»l ^J ^ *Jj^ l* lj*j ■ ftljisu jiiifi j>jjji ^ jj* Lu 
■ tr 1 - c?j4i u 1 v L *i j>*j ( ' JJfj ) J iJj-j* f-4-.Jb JjJjli JjjH tfjjj »jj* 

jj USlj W ;J Ojj oU^I r L, Jly ^ill 4-13 J&JU o^il Jsjll ^jJJ 

ol (j3l ^ Jj-w , T l j T, iilil_>Jl j,»£LJf ji j^jjji ^J ji^iJj , ^4-12 
. jbjJl jy-Jl jl* xM $ »3> flljrtl iJUJ ^IjjjIJ ^y ^JjUI i^l Ijjjj 
It = jljjjJl pj^ ifjUu. J oLiJ dAt ■. $*4A toJL jU Jai jii^ 

-f ,(a) - ffi (0.501 -a)-W p (0.50L - a + b) + TjiZi - a) = 

-cCT 1 , - ffj - W r + f j) - 0.50 ff # I - ff, (0^01 + ft) + FjL = 

: ftij ( tffi\ ile EF r = ; J d)j £,ljji Ul> ^ 
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(ju^lj^j^jllj^l 



r !^Lji*l ,**JI ^j* jU>l u^ uij?l 3JI* ^ f-*J ^'jj-iJl fjj* UjI** ^ttf aip 
fcljjj .^ ^^ li+jj i tiytf* i£^h><iju &w jj>*}\ jl3*J SjLcj ■ 

: 4-fiJn* 

tf£ I jli _^L ijb ,> iiUv iuu 50 K tijj il^ £j*» 4-13 J£iJI J^ 
? j^dJi J* iWU ■* >■£ j* 11 &jP WjBj y^ 



= 4-13 J" 
.100cmj.^-PJj**jtf 



A. jmkjt 




1!) 



M 



1 



^aUi*jv. ii,.iL 



Ji yk y* :ja*J1 J* U sjSj jJfc *^ J*1WI LI . j>*aJI J-«i* ii" Ji-f J! #4 

jWL dJjj . H Lis! J4i#i V LjJj L£j4j Ujj** sji'l sift Jji«j L^iJ i ^^ 

^■J yjb>i ^U % . y4WS J&iJL. 6^ >» 14 j*ll ^ ^LJI J^l 

yL ^ ^U o'p'l c^jLu Jj1> ;>* J^ Jj- litU- VjW 
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( j$u\ jjwi ) ^ijji ^iji 



r i> oLU* J^ jj JJi ^ Pj^u^iLjU ^ ^l iji : oL>^[ 



j^Jl dlj J^ ^ f > l^J ^J p^ H ^( y 



jijl 



jJ( 



. «Ul v > : .! yJJ 4 ^l ^ ^ SUtfg jUl jp ji J^ fy ^ L^f 

: ^1 »L*EU v^JL : U>^| 

: yjj\ »l*aij ^JLj 
V+T y -50N-100N = 

y+(G.«-isoN = o 

i>ill U , WJ *> {*# >kSljP<Jy> ^ ^ ^ ^ . ^ 
: bUl Vj li* ^ d*j| ^ J ^ ^ ^ ^ 
T y (1.0 m ) - (so NX0.7D m) - ( 100 N)(1.4 m) - f) 

(O.OTd.O m) - 35 m.N - 140 m,N = 

■ &- ^ f> J ^ V! fi$ 41% IUIL jj J* iyl) J£&| ^, J j^ 

ui,i ^ 4Bg i j^ji ^ ^^a^ ^ * ^ ^ J Jtf a*i 



: 4-7JLU 

U-yi ^j j^i ^j , k_ u j^^ ^ ^ w 20N ^ ^ ^ 
J% j*u i^ai ^UiJi L uu , yflr ju yjii -^i ^ iubji 
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^jLi y— i Jjfij^ jjils Jd 1 * 1 u^ 

j -y.^^ Lri»i>*^ flJiLArf DjiH 



u 



(^LbV^)^l^l 



. ^IjJ| j| L^JL 20 n Ujji Ljlj ^ £j£l 0* 



3.5 cm 




L sinW 






T w ow2*P 

Vi K 
" -2ff» 




V 
I 3.5 uji 



I' 



10 on 



flSN 



2U.N 



.W cm 



wl 



T at. 1 .* jv^Li,i 

t yji pijjy ^lj Uxiji ji gj? fiJj < ^ Ul J W 1 ^ V L : J1 ^ 

LJ* l^Jfcfll tfjifl U* f jfaui ^> ->4-13 , yfeU feliil* P ■ W 
. j^Ul JLU< ^ j^l *JL> j. t$M W* . 14-14 JS411 fr L^>^ j^'j 

IF V =0; y+T P( C 06 20 3 -65N-20N = 

U = Q- (T m cos20m0a [ im)-f65N)(O.10m)-(2ON)(O.35m) = O 
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(tf^fljijrtiMjiij-ji 




tf=140N 



410 N yi i*J o^ JI M}» & 1 -* iM : J*JI 
V=-3£)0N 

, JJM j ? »Lg| ji tyLfl »jU)f| ^ iiu> 



; 4-8JO. 




: 4-15 JU 



53" l*jj3 L,jI)j J^u iy?y J^L> Js. 200 tf ijjjj (j,0 m <J^ ^ X jK* 
*U« 6w Jli^-I j^j ^ L ^^ ., 14-15 JliJb fc** >* LS ^| jy 
I jjj . ft = 0,55 jj ^fy, ^Ll\ ># J$b$\ j^| J,L ij . LSUJij 
ul il* ^ ^i Li , Sj J^ jjui |j (135 lb) 600 N Lpjj il^l w„ 

- fUl <Jj it J^ i <j.u:Li o* jtLII 4*LuJ ^ U|« [ JJl JLfi sijjl UbUJ 

■^SkiiJVjLLl 

f ^ gjBjjJ Jj lljil 4* ^^ lit jjji ^ IJU : J!L 

*Jt*d iJjJl iljjjJI r >J Uljll £ip j^AL fJJ| ^ tijil ^^, US ; ^L/VI 
L5UJI a* .tfUl ^ ijjjll J,UI ^j fcj , jI^^m J J^ ^ 
CkH JLMI i^s ^jj , i^| ^J ^Luf ^1 iji jj*] ^ . ^Vjj 
j_j_^l 1*^51 & ijili gjj ojlj Ijji . li^a ^ <*j3 LJ i Ll^j^U JJI 
. iiUi ujLZ* ijljjj dLjuI ji ^J LjoD jjji jfjjj jj_, 

U^jii Li ( fyj\ JI // yj| 5^ ■jjbto a^ ^^i j^ JLfc^i ■ ^L>V1 
gi iOi C&d i ^L^l ^ , ^LjJI Ll . ^i Jj V iJj Sjj ^ l^|j 

. jUl JI P '<$i £Jj ijL JJI ^ jjj^ 
f oijll jj ^^ j^ Lii 6^J ■ (JJI ijj £ii fij Jj« : JI>j 

. y4^15 JUL j^Ju *ji IS |JJJ luJL ^Jl w»JJ ^U I LIaLI 
! pUI ^ iijj 4ij J_yuJ jiSl i^ J trf *ii*^j ^jJ( L : Jlj* 

ur ^J< IwtU D^LUf r IJ jLijI ^^, jijjjsj . tfjpjft J,^ Jjii^L .v sljii 

. H Ij^J L.^4-11 
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( jtt^i flflti ) P ij^ 






H*# :^| 
200 N + 600X- V = J j** IF, aCi^l -^ 

: j A J>> jjiU ^Jl fjjl J JW . u44§ 
(6,0 m) aia 53" = 4.8 m : P iUU 

(3.0 m) cos 53° -1,8m : fi-Jl uj^ 

; ^ J^*J It s fclj^l pp *Ij1*. >j 
(4.8 mtf" - (1.8 m)(200 N) - (tfeteKftOQ N) = 

: ff Ufy a Ji u^L UJb-j ukjJl pjje "<JAu j) F ix 
(4.flm)iJ-yBOm.N-,%OxN = 

' _ (4.8m)JJ-a60 m.Njjj_\ m/N ._ j m 
360N ITS J 

■ ^ >^' «^i. tfi ■ « # ^ * Jsa * jl ^ " JjUil ^ : ^ 

, v = 800 N oi tk*jy i iJUi ^ ^ V uu^ i ; . fiJ 

■ jjj . 7f mni ■ (0.55X800 N) = 440 N J &** ' liSWijiHl 

r "max ,. 410 i _4.9 m 
mi " 75-1 75 

JjJill Ch^ 1-1 m jl^ ^ i-^ J] iljll J^ W gjfr J J- P *! Ji 

■ 
! (JU1J jjLJI JjUl J| ^ ■> iyi ^ M ^^^ ^ U "^ M U '■ Xl* 
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( J&JH c!j3VJ ) ff ljJI J*dl 




(f) 




(y) 



: 4-9JU- 

T 5 Jjp- jl j3 J r > gj ^ ^sJi ^1 L, : J|^ 
, B ik*JL j^ *$ |JLJ| ^g ff ; ^b-Vl 

4.8 m ; Ituil ,j«ju i if ilsiiU L-JL ■ h\>^\ 

(3 m) cos 53" ■ 1.8 in ; V Sjjiir cuji 
& 3 m} crtK 53* = (0,60}.t - 1.8 m - itjll j$J L^jJb 

^ljj±Jl »L*j*J ~AfcJI _^ j+iAiJI &li j_^iJl oUI^I t^v^JI j^ ^^idi iJL* 

. VU-^I ji ^j£« IjJUj 4^Ljj L^mj J^ 

<4.Rm)P-(1.6m)V-(6QQN)(0,fi(b-].8m)-0 . U>VI 

■ ' E 

J JjS'l fejAf! b abbu O^ Ji : J1L, 
. p-*ll J* SjSjll ^yjl gAj J jfi Jl jLiiL Jp'l ijjjl jity "i : LL>>"! 

: JJ j|$*B HjJU 5j|»^ UjLJI ^ .k*^ . H * T j V= SCO N ; ji a*J 4-8 
(4.8 m)H - (L8 ni)(8n0 N) - (3§0 Nh: l 1080 m.N = 

F 

: |\i i*J 4J4J 
(4.8m)#-(86GNk 360jilN-o 



JUiVl^j>j^JlijU4-7 



:4-l6Jii 



^*^ «JjJ ijJsL* lijj-lj i>*>wj iLjt JUa J JJ dUluJl uib ^j*J L^j 



U r ^ J u*H* gM r ljii ^ lm <J Wl tit jj . 60 N L^jj ^iJ*, iji' ^ iu, ji^ ^m [4-I6 jiiiL 
, Ail ,. t ;»■>„.„., .' 



14fi- 



(j&Jiidjit)^^ 



jjJiJl jj^l Jj*Uy gjg-tfl IJa ji .J&JI yi (y) ^t j*« ? ^ J5jll 

. J&JU i^l sjluL 2G0N p J^jll 



y^i jjj| j_i J-jtt 4-JaU J_#kJJ 




M ImU. - ** s T^HII 




liwi ojj jl^ ^i df^uii _**; $11 siu ^ tjfli j*jii j*« w 

- jjwll ^ 

JEF, =0; ff-T w coe 12" - 

EF^ = : T m m ia j + V - 6G g - 250 - 

It a Q : (250) (0.50L) + (60KL) - T,„, SW L2 8 (0.67 L) = 

j_b J_^ ^^i ^jUll ,/ *«*$ ^ & ohp^i ■ T 9 = 1330 N ji 

,H=1300N i F=S2N 

ui jjj* ^ ^jiill J>Wl J* Sj$li Kjill J US 1330 N j#£Jl iUs ^ iill 
^Li 'r:'" ■- iijfB oLlvj ►Uij^l *Jj ^ ^Jlj f-*J< >ivOj 14] Id . J^ 

jjjL miLw^ dUj oLm[ &4* ^*i} ^ ■ ^ ^i ^H- jyJ' !ii 
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(^u-vi^) ff ijji>«n 



^jJi jui 



: Jt IjjU gj£ &\ l 7 **j J**JI ii> c^i jij ; ^l 

t^ 1 (J- J* ^j^ 1 j^**l j*^} °^ ;>*• J! *#-«^ k«* 5 j* u* tOUII ^jjJI .jj jUJ _2 
. Ij^shj jifSl »L^il >u jsi j5y .^luuj. iUuXll *L* il Ljiu ills' jSjj «jjj if,^ _ 4 

. $(jfil! ^ j^ kwxil ILSjjLl^i JO J> - 6 



<wLfl ^jLwj olL_jjJ 



, SjJJl J*S Jai. Jl j4>jj[ qj, <jji*jjl iiLJl ti ,llki j4>4 Js> U aytl i*J!Jl f'ljJ 

: (T) yljj Jl fj* 

. m.N ^ SI .Uiljl ^ jljjjJl ,jk oIj>j 

(ccw) bLJl yjUc o!jJ J »U^ u-^* jJ ji few) &UJI yjLb ^bj J iL ^ j1 J '*& $#$ fj* ^' J ja* 6^ 
fii-^J ^^ Ui-JI vj^ i'jj j ^ ^ ^ o'jj^ 1 fjtj^ j^ ^ijLi) p i JgLei |.jl»u^ jt|i*ii ^i ^hSLuH 

jjJI »-^3J ^jLJI ikUU HwL-'SIj oljji'ioJl 60* jjj: JyJ( y^j . IfiL, «UI yjLu: jljjj i^Jl ^j ^l^jjl 

-Hf- 



(f&Jtitf'fi\)rf/t0iR 



; jlj3iUJjlfltji]1 

< Ii\ - b\ J*t % t IF =fl : ^ tljU ui -** $£' "^ ^ r* ^ ^' ^ (^ J*^' t-^* 11 

, EF f = j EF y = 

: Iji* l5jI— j j' v^i ^ Ul Vj^ j'jj' »M lA ^5 **'-Jl Vj^ 1 j!jJ J Bb ^' lP t^ 1 fl^ Uk**" ^*** ]l 

. ii - 

bi^x^ t^U> jUiJl j£**' 
. ^i £J ti. j»*Ji i ii ^ lil ^i* oIjjjJ' f j? V v^ j^ d fc& £h &p& J® ^ && ■** - 3 



jjxi jj* *us, , ji fi* aiji JUJi JjUj ^ |ju . &i j jui *ujji ^uii jj* ^ -di* uui ^ Sjist »** - l 

>aj ^ J_£ L.u* ( 1 ) : c$l ajjrfl jSlj. ji 3f)0 N l^ijj abi^ y*Wl j*Ji p***JJ i*l*Jl *dfci4i1 ^1.2 
jj^j Sjl^Ij j-. ^ JJ; Lijj; ( j ) t LfJj jit Ja Ujii (_>) t ii>lj iy *_^ ^ j!*»j L*J^ M ■ "*'* 

■ J*-" 1 uj-4 ^r 1 

¥ l^-ij SJ< pww U^i* ^J-Jl ji j^Ji W 
j^^ ^i , ^*;L> g_lii ^Tji ^- yjjl f L*^ u^v ^' ■ L ^- |j ^i^* 11 ^' l^ 1 J* ^ ^> " 4 

jJIjJI Ljw J;^ J >^ jllI SjWI JJliM L ^D , J^^ ilij^b-1 j5j bjJIj jM J* L JU yb* Liy jit jaUj - 6 

. Jj«JL iji^j U 
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( jijft-W filjrtl ) yljJi H 1 



JL£ LjJtj ^ *jkL-J »Jj L+jJ T bjy JlwCwb ^j> ^ iL^JI jl>] 5JT jJL cujjS II^Ld ^jj il^l iJjL> . 9 
UjUj ^j^Sj T Ulll jy ^ L^i>jlj 80 cm \+i^ sjj-fL cj *j iUi iljU ^jii . *liiL| Ij+J Ldb fcb*ji 

, i_wJl ,_pi . 3& i ci*j^i L^LsJl i$ 
, oL^jJI i>La . jt^Jjl ^Uii1 ; Jl L/ , JiL'Jl iiLi ; i^l ol^l ^ JS ^ jljjJI f y. J^_ 10 

4-2 j 4-1 ^LuiJl 

JLJ ^ j^f J^ ^H\ ^M\ jkj ; 35 N *fy j>'<^lt & ji J#*i 25 N yjj ^ ^Jb^-.I 

iy { 1 ) jaiI , jljjl iJL> ^ bjisJIj 12,0 K y)j tLjj^s sjIs£ *i jj ijjIj <-Lj J* **Zy* 32 N tJjj ^j^Ld _ 2 

. 4Jl> 

75 N LiillHj t 10G n Ujjj L^ 180 N LtjIjiL J^l ; j$ JjLJI jJ LfJS ^ j f iSi j$ ^J ^» & . | 

. ijjjl III* J, ^fJI &il ( JJ F j^ji , F <iftJ]Jj 240^ Ujji ^ 

, Ji-Jl ^ 4iLu 4jS'ISj*I ll jjl> Js. jv. Jf> jijtj ^ 
^25NJjiJl6jj^lil(-) (: ^ 

T 4 " I" 




ii ».i 

4-l f Jii 



• 



^__ 



Uji L , 1600 N j'jUu 4-2p JiiJl yj ff jjj]l - ti 
Jj*J* (v) t J_**Ji jj jJi^l *3*Ji ( i ) j Ail! 



4-2 r j£i 



150 



(^U^iljrtl^ljlfjalll 






\a 






4-ty Jii 





Jfljso- 

1 



W 



4-5 f Jtt 




, jjyo N jf-. 4-3 f J£dl* ^1 J-J1 ji j-ill il£ lii - ' ■ 

lil 9 = W u Uj* lSj?i o£ 4 ^ JSilt* CM^I f MI &' ^J - * ' 
J^ J £U\ ^1 Ojj L. . F = 240 X Lari P l SjHI ^tf 

TJf*Jl 
^ Li , 575 N jjU 4 3 r J5-U 1 - £*jll f^ 1 bji ^ &I-9 ■ 
¥ F=310N ' j^B Lii* f lfcJl Cyii jfl <*pW & 

(jy A« J* JL^l 30 u *!* ^Ijj ^ J^ J^ 
^ j^ji ^J* JjUI l*_, jSja ji ^ jlH ijiJi ^ji . J^J 

. ajjH tJl> ji 4*Ijll J^ 

^ 4-4 r j^i j ^Jjii wm, jriaii j*ji ^ aii- a ■ 

y M , J^JL J-^l J^l ^ J^JI ( ' ) ^' ■ 72 - N 

. W ^ ^i JH l 

^ js ^ jjji 4*ji . &ui yUi"^ ff - soo n ^ iii- 18 ■ 

, W^W, i*ji t ff s = 720N $ IN frH C>* 
Ui U t ( 4-5 f J-il ) fcUl 3U ^ ff a =200N ^ 131 - 15 ■ 
t yl;ji !UU ji "w>***Jl Jb jj* -Wj j ffi u^j^ 1 >> J 5 

..^^p.^^^^^^^.-p^^ijtoi^aa ^i ^jyvfi jj^ J T x * 1200 N JjuJi j» JiJI - 17 ■ 



4 



40 



h 



h 



w. S 



4-6 r JSa 
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{jSJli^l^l^ljJIj^kll 




4-7 f Jifi 



1 1 



Tj 




it 




4AJi4. 



<W»f JS4 



L# , 150 N iiaJL jfjL-y JjJI frljcJI ^ J jjLi 






^ jL-i JI J^*Jl 540 N Ojj ^ jlJj &f ^ iy 
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(ji^UjrtOpijJi^i 




4-10f ji» 



4r%f*M 

4-X0 f JiiJL 3-^1 ^ J^ 1 fJ? ^j' ■ n 

d-10 f JiiJb Uutl jjjU o'jJ^ 1 fti* ^J ! - 32 
. ,j.a;i i J^Jj ^Li lil B iiuu)!j jw j>^ Jj* 




<Mlf Jtt 



j_*i J* L>J£ J_S 360 X LfJjj iti cu-ij Ijl . ti cm ?^U J> i*^ Jb - 24 ■ 
._■ ... L..L* ? £ii jrfUl g& Ui* ( I j K £Ufl uIjjjJ* f3* &* ^ ' fc»W 

a ^ jj— jU* > j^L£* kiyy, Ol ^* ^ ; ^i u < W soNjn 

* jUji di ^ ^i* ao cm 4j_jJa 

J^ -^ iILM SjJ 615 QLi . ^Wjfl l +MW j-^ ljl ^ ^ Bj "W** J > ^ ^ " L " 27 ' 
jJUJI Vj * J# L>J-^ ^u ^1 f jJ ** J5i Li t B cm ^ JjLj 0,04 N ^1 .IWIj v>Jl 

4-5 j 4-4 jLa-JJl 

1*_^ USJ-djt , 12 m Ojt Cx^ 1 w^ v^ ^^* 



600 N ^ >> £Jj o^i j> ^ J! Wj *- 12 f ^^ 




4-IUf Jii 
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( jS-^vi iiijfti > jfijii >*ji 



IU5L I (lidf. l 2, H.tff. 

* ¥--4 ■ *-. ^ ► 



j, : i ; ^ : Lik, jj^Jl ^ L^> L^J 4-13. J_£^Jt JJae _ Ul ■ 

jul l^ ;$_*> a**, 200 n Ujj .Mi ^^ -ji . 3a ■ 

900 N Pji lit J**^. J v^> J^> J£ ,jl5 Ij" , l-13 r 
1' £1 Li^ Wj>^ ijd-^i^ l*^ 1 l?^**j LrfilN jJa>JI ji 

LuULU 

jjU 4-14. JiJJLj U^tl jjjL-JI tyS.JiJfi Ij^ll Syil ^Jtf IjI . 33 
^ Spjll S^JUI j! ^jiil ? jl^il jli SjSjJi Sytft 4**i Li .( 240 N 

. fj = f5 cnij q = 0,3 cm jlj i^vlj jU— ill 




4-14. Jii 




4-15. J&i 




j«* US u^ljtf* jit ^aJswJI lit «-ij U ^-li-i Jii j^y J^ _ 34 

2fi(i N ^u^lj ^ty ftpij*ll »lj3 il jcs-jj 4—15* JSiJ^Lj rJiy 
^l>il ^Iji &l ^j3ji , ^Jl jJ* 200 N 3 

, 2 m jjLi L J^W< itl 01 Jf JttJl jSy M>y 



j_J( ( i ) ifej! 280 N ojW 4-Ify Jiitlf ffalll 4^*Ji ujj - 35 
jJ)j jjJi Sjill V hJ\Jh H ijrifl g^ii (v) ■ i^fUJI J**JI ji 

, W = 840 N &15 Ijj >JI l* 



4-16^ Jia 



gj£ llj JiiJf ll^j <L> ijLki ujjjfi\\t(\). 4-17* J&JL ^u* ja Uf llii 540 N tijjj pku* jup Ja*^ . 1$ 
^ i JJJ1 lyU i+Jj\ 3 U#l jjJUfjll jIjSU U ? jtfil jls 2300 fl t^j lit J*^ J ^ Jift\ J^Ji 

V JJUJl ail -i j^uJI Ji*fi 
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(^IL^IJ^!)^!^ 




4-1 7 r Jia 



t j^i ^ ,J-Ji u# £,i J^i (JJ< > floo n ^jj yU* j^* 



-jW,H» 




4-18 r Jiis 




iTFuiiTOvvj-iy™--:' 



.u ^ u^ 1 ^ l -^j - *- 18 r J*^ 

OjjJ LljLn F L^ijSl **j jIjL b£i »Hj 
tfLi&U (v) i -J/JI jij j* till ( i } **$ 

960 N j«JI jjj4-19 f J&1IJ--4Q 



4-10f J& 




4-7 j 4-6 jUriS)! 

, ^ jji ^ is ^ ^f *-so r ^ ^ ^ l ^ ' 41 ' 



4-20 f Jii 



-IBS- 







4-21f Jii 




h 



4-22 f Jia 







{J&JH &$*)£* JlJjR 



u- J-* ^ ^ ^1 ">jjJI >ii I- . 6^"&»l If j^b- ^j j^ 



L^ J^i ^j i^, IV ojj_j L djl UlJj 1-2M* j&Ul JS*j . 43 



■■ 



fJ <MJjJ» U# J*M ujjJI J*f j £ ^ ffcw yJLj ^LuaS _ 44 II 

jj W j u u^ij fil* r 4-23^ JS4Jtj j«* j» Ltf gpUty tfjUi 

^ = 12* L*^ i^jtj ^Jl* ^Sj jj ^^yi jya , o.2, r >/. 



ll> jJp IjLj . 4-24^ J£iJb ^^LS ^yi "J*^ ^Jj jLaj 

jjfl I^jUI ^j LJ . m, UiSI^ J_^lu ii^i ji J_UjII ^1 

f ^Jj L^ll m 2 j m 3 <^&< ^ J—ljfl ,*Ulf 1**^ 



■■ 



J F* JJ^ 0' &>. !i0 ts *3J2*j 2 m JjJ, ^ J>i£ ^ 4-2G r j£JL ^yi ( jjfl j djjl| ^ _ 46 

^ jj**ji jjt tfjijii Wj"j M*Vi ^1 ( I ) j*ji ( 100 k Lr 4ii^ b iiuuii ^ iiu* iia j-*- ^ 
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( j&M iijrti ) ff i jji u wji 




4-2fy J& 



. iDji* ijiL a^Afl ■£ ^ i**j jLiUL Sj^i 4^ J^j^m ^1 jjjj - 47 
^jJ jJnI JijJJl L-jjj Lvill jljll ay>JJl ji JjjJI ^jL o*i Aujj ^*i 

J_*^J| ftjjb £J_*5 Jijj J_iuj . JUi I j£ AulJI »t^Vl j* .*il luti 5jflO 

»juj_f . 4—26* JiJJ 1 -* [)ui 4_b LmS . 425 N Lb,.ij jiL ji ■»""■■ &» UL* 
kjjl J! L^iUL 8.0" 'Ltjji LiJj sLLuj jt_Lu Uij ,_L*JI iiJl iiJl 



425 N 






t 



/ 




4-28* Jii 




4-27^ JSfl 



jllj . 4-27. JiilL, o#* j* LJ 18,0 cm Ljjj&jI 5u^ 
^1 I, ■,<■_. F d^JD LuJ JJl Ls . 1230 N tijy 52.5 cm 




,'i_'j. 



sJ5 lj_< . 1.4 m jjjS JjJs <-Ij^JI ^J <jj j^ d***y i-ai* J* jaL** 4.4 m -Ojlsji 13.0 kg ulsS aJula tJ _ 49 ■ 

? v ^ r l ji ^1 1j^ J Ji 

/ JjJUUJl ,f ! J yl5 L(Ui J_Jl ^ ^i Jl j*jlj llLl ^Jjf Oj±>| 

fcJjOl 4-28^ J_UJI ^^jij i jjJTfl jp ^7" Ujji L^lj ^u 
, ji^l ^ j^l ijL Ji LLi . h = 0.4 L 4iU3jlj L J^jj M 4jJji 




4-2S r J^ 
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4_l*JjJ 4_5j*Jl fljJI J_W* uL?j fj*&H l Ij-xtl 4a* Li ^ 
j_!JIJI ; UliaJlj JjUJI (ji>fij j-SJ* - LJ <WmJ! tijSH 

ki— d.i.l jL> ji j* jji5 ,jj 1 j ^ l'S o h : J-oijI lii ,Jl Ljj-lij 
^,'LfJ-Jj *_i JjLCuI ,j_o Ijjli' j+w 1 ' 4>dL|J L$As J^buJI 

Lpij SjLjafl Itiuii oUalJ gi jji* lill JJj ,> **S( . ^jill 

. HiUJSj JAJJI ,> J5 J^yy LljjJl ^ JjUii J IjJ* I Jul I Ij> ^ 




JiiJt Jtjyu 5-1 



, tULtJl i*jiiw 1*5 JliJl Jjj^I 
F ii_j-aJi jjl l^j-aU . i-J'Vl iJLjjL]^ Ls jjS iKI>; JjJfl' JiJtJl *L*JjJI J/m 
jjy tii** , 5-1 j&dlf i>jm _j* Li s Ujji JUIjl Jto- fi JJ A j* L-> *13 
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-n 






( tftfJIj jiill ) ^UJI JjuUI 



■ #WL k Ul^l J^i F Ik-lj, Jjill J-LjUI J^j 
P 4kJ r JjiUl JiAJI - J?, t ( l5_i) 

j-» J-"" *^J jM ol^ [ jjUL iiLJIj ^jJL ijill t^m SI ^IbJJl ^ 

. (J) Jj^Jf ja Loli- LLl ta>yi ai* oJa£l jtfj t (N-m> jii _ ^mJ 

tiji iiU JM> lA^t i* i*lj ^ Ujji 5jf ikJ^ JjlJi jiJJl j* J^aJI 
. I J- 1 N.m : ajUl Jjjis> LlilJ i{ k x*i^ aj 

g>/!j W - to) jjjLj . |ijj]| J.L JjjJI ^LiJ jj_vi o!a>j 14*2*3 i;k>i 

: ^ i CeV) LJji uj^ij 
1 tt. lb *UW J 
lcrg=lxl(T T J 
1 cV= 1.602 xlO-'M 

J-J Jjj — *J' Jl If-kj^ Lift ^^, ^Vl ol±*jII ^ UlSfl oLnfllj 

, SI olj>jji .IL ^i l^liiiJ 
UA>^ 131 (ffi-Ij ILL4I ^ ii&M &j* yi JiAJI J^3 "JjU, LtsS ^ajj 

: J 6-1 jkSddi g* 

(i5-l) LbUli jJ U#l DJ+j ^ !>j t***^ ■ s ) F ^ tyljll ^9^ 

F ikJj* Jjjuil jAifJ = F f eoa ti (^5-1) 

: jLu>L> 
. F, cos ii F, k jd h UJjj J^U (L-* ^fc (jjji F iy ikJjj JjjJi W jlaJi 

l4*j* Oj-^ JJ J*^ u 1 Lu*J u^M (vG 1) 4JjLbJ1 ji ctiK j^>j ,j,i j^**j 
< i*!#l dU^I ji i^> L#J F ) 0° < 9< SW L*^ fey ^ jaj , lIlL jl 

li> . ( Ul^l cL^I ^ ji \j£j. \+JT)W < B<im 6 Lj^ UJLj 

jl ji , 3i> ^1* Ji 1 ,^1** Ja jW j* ^jjil liyJI ^ Jj jita Jiill Jy*dl 

, (5-1) UjUII j-LL 4-U* ^ jjj J£ ik»!j, Jjidl JAJI 



160 






( 



jiiJI ) j-^UJI JjiJI 



t : 5-1 j^^jjiii 

'^jji LiL»i 5JL-M 4-Lj- 'Uui ^Jj JLs F iujj ijij jJjj Ca*i Jlu 5-2 j&Jl 
v F Oi; jil| JijJI ^J Li , iyU iftjIjL Ipj-ju 8,0m 

. 4^ii s Uljjflj tJj 5-2 JiAli ^ F SjiJI . IV = ^ cos fl y» JiiJI J^*: 




l^J ^ F J jUi . jic iOU JM V F 



; Jt%t 0=9O s „i! 



W-Fscos90* = Q 






I*"* 






S=A 



"4jIjJI 



. ifi IA j| ^tLM ^ <J^B Jjtill 



: 5-2 t^J^iJ J& 

SiL-u _ifi JI l*Jj 4*ij oip ( i ) m# Ojj ^ Jfi dlu ^jjll JJLiJI jIjaj L 

V Wyl OuL3 ii^t HJLill .jjJlA A-aJL> ilt (<—') ? iu-tf ^j-" '' ^J^ 

, J*i Jt C_il i 4ja*J ^)l i_i^ u^JI «jjj j£J , if5 — 3 Jiili^ j*u jJjJI u&y ( I ) 



. /1 Ujj4 <jL^ **»JI *Sj tLUl dJuJ jjji J*ili y lii 
.\*aL*J| _i s j F $1 , *^!kJI L? ii*i U^£ in« L wfi-2 JliJl ^^ (u) 

** , tZ ( I ) > »g* ^ * = <^) ft) (c^ 18*0 - mghi-1) - -m S h 

' ™ "* F ^1 jJ* LjJaL^ jill 5/1 jV ilUJl »a* ^ -JL JLj ^iJl JjLUI J jl 
jL vJLJi JjaJI Jj-i jl j^I -U^kf jfiJJI £&4j . s **ijMJ jU« *UjI ^ 
L^ r iui JIju jUI j* ^tfJtt t dik-ljrf ^j iUc Jjiu* Jiiil Dl jjW 




M 



J tajjji j^Ujj I^jL^Ji =4 n ffl Jj- jk! J[ nyf a^l i[i *^j> ^v'l Ij^j jj ,^lj 



- tiil ■ 



r_ 



(WjjWJI)^W>ij| 



. <J Jrtj ,L3i jU[ ^ UL 3Ui JiJ 
^^ Jl^f ji ^i ^ 3^L>J| iji ^ JjiJi J^i ju, u . ^ 

? Ji-i J! uii & M y >1 J! ^ ^ ( I ^2 

■ ^ M * -mgh ( i ) ; LL*Vi 



irti. ^ Us'F UjJ 3J f bi*wL &B fc, 



5-1 JUU 

. 30 kg ^| US fi 20 N ^ bUtj ^^ ^ j ^ ^ ^ 






r\ 



1 w^4- 



■ 



.' -JOV 



awf 



D.Rfi F 




r jiiji v u* ^ij ^^ ^^ ^jji u . j|^ 

i JJII glSUl U . ^ F ^i Sji $fl, , ^tU^ Lj^lj Ul$ ; Jlj* 



ViJUi 



^ J 



V 



&t -■$ u' ^ IS*) . V> > fcjjl oLi V j^j & | ^ F ; ty^tl 

* i r Wi m J F ^1 ^ Jj^ji J4JSH ft!*, ^ U : Ji>, 

* ■ ■ > 



{ uthJlj JJUJl ) ^«liJl >M 



i JjJI jj *_J[ tLljO Us jlii 3JUJI oUL« $jJt3 U SjUj . /lUi Ji^ 






F = 



F t _20N 



lU ^af>N 



■ j^ p ikjiw Jjijji Jfctl'j 
W = *> = ttON)(5,Om)-100J 

r f 

. -100 J ; h\*f . d\&>i\ »j3 &-!* JjV 1 J^ 1 y^* 1 : ty* 3 




Jl 






SjJiJi = ■ 



JjLiJl Jju |>j 



: j^ { jl 
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( tfliJlj jiiJl ) ^uj| ^ 



ja J^ ^ Sjjji Uj $ Lm * ^(j j^jl Cjju w juii _£ ^ 

1 watt = — 

a 

1 hp ■ 746 W 
^ A hp Sjjill Cjjj ^ill ^L^l jftllj . U;^U ^ ^L^JI BjjtfJ ^j 

. F, * jj i ki ^u Djill > c*g ^i ^, u^ F, ijjui sl^Ij, l ^ 

■ &J 4*J (5-2) tiMi ^i j^rili [fr f Uiafy 

*-ju (5-3) 

P = Fv cos e 
IjjJLJl ^ j (5-aj j (6-2) ^UjWI ^j& } . v j F ^ tyjfl ^ ^ 
Jj- (6-2) U»UU $ 0*)ll £ UU£ L"^ ji „ f j| ^ ijrfiF fi i U j ^ 

ijjJJl (5-3) LljUll Ju^ L^ . i Lji.^11 ijyji J^j. u^^| ^ j±iJ | ^ 

, U s jF, Uit ^ jjjl UyJJ| j^ iJuJJl 

. j>4i j*aaJ L^fij^t *iLiji oi^yi ^j j^4) fJ i J-: ( s,2) u,wi 

jj^ *k^ Jj j_J| jLiJI 5i>j $ <i:UL ^jjlj ilj jJ^iJb ij JJI ^J ij^j 

U^lj , «L J,lj jl^l ^ jijjy s^yi ^ , ^ x Wj y^ ijfi ijJjffl 
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( Wj JiiJI ) j-*bJI ^M 



: ^ Jj*Jlj Si»yi ii* ja 



kWH = (UtWh) (lOW^|}(360Q£) - 3.00 x 10* Vj = 3.60 x 10* J 



: S-2jt^ 




Ujji iiU b^ 200 kg ^M p«* *J, pfe-4 5-5 J^i-f ^il jl^ 1 
* ijL^Jl Sji^g jjjyi LpJL Jti\ Sj^Jl U , S.OOcni/s 






i 



20ft kg 



: 5-5 J^ 

, 3.00 cmfo UjJ ^ti 4fj-j ,>»^ 



S wkli *Wj* h&tt Sjjdl uwL^J 1+iSjM v^M 1 °^ 1 ** : ^J - 

U— jl ,ii^»j (5-1) j' (5-2) foUH fljMJ* UUl ei> J* A : ^l*? 1 

: ^Si <> jJSl *H^ (5-3) <JjWI 0^ tojb" r^ 1 

? p-*J1 J* j>Jjil L* $1 ^ *£' o ^ ii3»l ^J< U : Jijw 

, jW m£ : J**i! ijj JjU gj ^ jy>il *fc-i* W ¥' 0? 

? ijLaJl els J ijJiH HjL" L. ; Jlj«i 

F ■ (200 kg)(9.ft fl/$ = Xftd N 

i 1 = ( I9fi0 N)('0,0300 m/u} = 58.8 N.m/s = 5A.8 W 

583W Ww =0(J788hp 

L^J^ ^dl ISO >ol^ i (5-2) &Uij u^l «i*J»l«jl J^ ,/lj 

J5U j^ll lk-*# Jjj^il Jfcdi »■ 3.^0 ™ $1 . bfrlj **# ^ ~*JI 

: J oLJi si> 

W = ft = (I960 NX0.0300 m) = 58.8 J 

P . #/M 58.8 J/s= 58.8 W 

. 3,00 cm/n Uji ^Lj fy* J*>J! tf** M W# tfjU V* £> ^ U : ^^ 

-58 8 W ■ LL>^I 
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( 4$Ulj JUJI ) jju.tiJI >jJI 



ttpJ! ulj, 5-3 



J uU JLSj u^l l^_J , Jfcfli J^ Jj: ijjij ^ 13J 4j^ ^u & { jii, 

J_^hi]i j_a*JJ ^5jj d!i5j i Lji>JI ^a IJL*, Jij: ^ l,;.'^ i£j»All o^l 

f~* ^^ j^ 1 * iliJI ^ u»>j ■ ^ ^ 0' lSI ' J^< Jjj jl* 

<KE} *ftj*I1 OIL 4#> 



.—U-^J 







P LtjJ i^j^^ tii; m I_4£5i LjihS <k>j L^ jf ^j^J ( j.^ JL^ 
oaf l^jjj j^Aj r> jj ^JO JL* t J£UI $, p*!, y US", . 5 G J&db Li 
ja^JJ) ijj ^Jb OjJI yj3 il!Ul &p iyUJ U^j . LJLL[ ty*, -F t Lbb 

; 0j& jd^Jl Jfi OjaJf ikjfoj JjJJl JiJJI $ x 
. ojjJI ii> ji jJUfl ^JU Ji^Ji ^ ^SJI oJm ^1 Vjil 






-F 



Ov - 



2 ;.3 






a f ^ iA^ 1 J ( 2-9 ilil*y ) u \ ~ l! i =2(1 I * ^r'J 1 ^ J ^ $*AAq 



wJiwu' Liiiijl Luf j-Si; Jj*j L»LLi4i Kjnetjkds I^ 1 J_jJi **l£ll ,^# u^Ji pjj oEil ♦ 
(jpi « tf^pJi ifcSl*lH • jfc-l '^ilti US tfj*4) L5-ijj j^jl ^UJi J^iJl y « l^L^ - 



A 



( 5iU*J!j jiAJI ) ^LiJI J*iJ1 



^jaJ ijli jc v Utyi ji Jiu 




> f..a ,.2 



ii*J (vjf-frJWa* jliU| 



4*j_^ j-. *-^ L*^ 4^** f*^ *^^ ^J^ ^** iJ[ ^ ^^ v^ 1 lij 
^ ■-*■* ii_i* . ^jiiWl J! *—iyt\ -^>} Li IJl) , V, LijIjaj 4£j-* J] i: f , UjUj 
tfjJI ^1 J iij ill! & £&-* . |nwjj ay*t *^ jUI JJLiil &li v f =0 

. ufj\ tS[* J! 

■ jj v Ljijlji? 4*j-«j ^j^Jj m <^ »— > (KE) iiy *JlJ? 






KE = ±J7iu* 



(5-5) 



f \M\ jj Lij*JI liLL ja>* J (5-5) yjl*ll Ji>i-b **j^ ji*r y lil&^j 
. ilfjS <f*-u <5j>Jl «U» jlJ jLu^-j-i jliui t' 2 IsjJI j'jL 
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(tiPjJAiJl^bJIJ^AJI 



Ijifl ^U uWj J*Ul iijti 5-4 




r*> 



: 5-7 Jfci 



Lgjl 4j_jaII Uul^f JjUl J&jJl v Uaj Jj ^^ Cut ^li,^L ijU «$* 
^ ' ui-UI 5-7 J^JU 6^1 *%1B L^j jjjfl Ul> i>L. LUUj j 5-6 JliJL 
»J - &hj? ;*Jk ^»J a- >£*JJ y*jU it*tf| J ilj^S Pi L^ i^ Jlw 



F «* ~ ma > 



: jit J^i^J i iijUli «Lllj ;^»JJ iiiLfJlj L^Ijuj^i j^jJl 



i^^f- 







F „ui. aU* JjWI JaaJI = i»w* -iflicj = ake (5-6) 

i^iull :j_» j^L: i^ij , ijjji J[^ IlliJIj JliJI ijjty ^j Q^jj jii 

ijL ^ Oj-^ iiyi' 5j_flJi iUJI ^i j* dJiJ j^yi ljulJI . ^jl ^ liu iiii 

, -I'', * i-S' = f * * cos 180 u -jn3. J^i m $ L*fll jp 4jl*j ( **J$I ibjrf 

: tfj>Jl SiLL >i J\ gifr ii^j SjS3| ^iU J JjUl ^ IJS»j 

jj (^ L^j^UJ Jj-,» t Lij^i LjL: ^j i^jL olkJU JiiJI L,&3 ^ujj 



^ji ^Jfl 20 m/s UjIjL i*^^ J Us 2QDQ kg [jM ijp 
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( tilUlj JIAJI ) u-*l*JI >ill 




? JLS^ii J5i> jfo *l*^l j* »jJ>* j>i *j* kli ^ J* : J')- 

? LLJI Ji$j f Jlijifl iji k-jS» Jw_jj jili iJfil ^ ; J'}"' 
LL^ jL*} <_j2-ll J! 12-11} tgtfUUffl c&Ui J! ^ Ai : M*$ 

^ jjis i ojijji j-jji ^ u^ us' ^wi iV tf* * / jU ^i r & j W! 

tfyJl ^LL ^ j^l ji jit ^ j^lj 3jDI jiU i5Lyij Jiill o^ pbtigj 

^g Lfji ^yij jAdfl ^ ol>, pi ^ . 3j^JI ^ ^ Jj^l J^ 1 $&* 

o-JWl o* ^ j* >■'! W U dtfrlft J V*^ 1 ^^ j*** -1 ^ ffl 

I AKE uLv "dull iUU* ^ > : Jlj-< 

§ II W Di* jj L#*UWJ ^ ^ J^ 1 *JjU* ^ U : Jlf 

■ J yiUlj JiUI Ljk: Jji; ilisLUJtjJ*) 1 
I (o - (2000 kgj{20 m/sfl « /(100 mX-1) 



: Ui4 



/= 



1(2000 kgMOOin'V) 



i 00 in 



— = 4000 kg.m/^ = 4000 N 



^ ^ ^ jjUii ^ jiii ^ sy, jJOJi ^> ^i ■ 4uoon 

. 14,1 m/s : Lb-VI . 50 m Uji <iLu 



►Ljs e^ H J^k ^ j 1 *' JI Hj 40 k s ^ ^ **> C*J jlji! 

Jd j ^ ^ E "^ ^L pMU. . ® cm U,i ^U J^ 0.30 ah Ujl* bj- JJ (&* » 

* jj^ji j jjji inyij <jMb "<tfi o*^ <-& '■ &P 

!iU 3LM ^ V ^^i ' ^ ^ ^ ^ ^ * ^ ■ ^ 
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(tflWIjjttll^lillj^iii 



f lfi\ Jl* *jj« 6 iii jiijf i^ t, ■ j^ 

. W = l.T-m. g )s , cos 0= 1 J| i ^jljli * feg$j F w a| iy* : U>?l 

1 J iJUJlj Jiil! L> L^c ^1 <jjUll U : Jl)- 



JjJ.4 



7'- — 



L.i ft - (396 $6.50 m) = 193 J y, j#j &^ J^i jjyj, J^ 

: uSjkfS tuJLJl UkJ^ Jjili J.J4JI 
mg* = -fly fcg)(gj ml£mm m) = -136 J 

U 1 (A *V J^' L-s . fiOO N frj ^1 j£ [^ ^ J^| . £ yj , ^ 

. 2.2y m/s : ^L>Vl r fc>Jl (^ gj y y±J! GO™ uUl J& iltjM J»s 



JR&1 J*>Ji 4JU> 5-5 




0*u*> j^^ 6^&>l H ,>£& JLj JjJ 5-10 J&Jt ^l .Lfcdi J.1; 



7 r*Jl ;OJ IJp « Otj , mg ^ j^ij ^^j, ^ . | tf | ; 



itifll 



JHJL 




0* fi SiLII ^ ^AJjI ji 4 ^*ll ^S,h i^^i )Uj A «Lj iL J 5 fcrtjj) 

: j* juJl Jj/J l^b c jjaJi ^ijj Jjjjj i jiji ti 
j»jJI «LUi Jjiii JiJji = ( jlJJI ) ( 4iUi ) = mgh 



A^ai 
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( uUi jUiJl ) ^L>J1 >iJl 







: J%\ JtfSll «-»j bUiy dJj ^ 4L . B ^1 LjliiiLu 
(CPE) Jffisll i^JI Ub - mgfc (5-7) 

Lpi J_; . U1UI W ^*j ^ 1 JKsJl j^JI oli> & jftlb j*Jl Ch 

^jj*i i>^Lii«-r LfJli U iJu« tJU ^ CPE v Li>J j^tll^ itLj j^y-i 
ojJJl UL* JLiii J*m jJ* iib] . ,^m c^U jIjI»j tfjMl! {»* bjli>J JJsfc 
Dj ^ jU-?I ^ j* Mill ^ ! L* j*-* j^> fi] . 5-11 J&k V 

<^_L jiJ ii_jfl ij«J uw^ J^ jl_J j^" thi/li jji- jfefc >T ^ C#j ' mg&i ijfll $% 

i jti ."ii tilt ■ , 4JI aj^uL pLij jVI t , .„ -,_-, ■ 

«* i «£ ^ i^a ^ ■ ^ ^ ^ ^ Ult a***- « J ^ ' "^ J '^ m * 

J J 

L^-3 "<JLt? uj^- 5>^ll jy A ^» .Jz ijUl jp Ualt , SiiijJJ j J*Jl ^La- 
cJ^i Uj U , jUI JJ L^j ~£\k J^ J^ io^II 4m J! cJj*' I; l) : "^ 
|j_& . yL Udlftll j+aJI 4jUs- *^ ^ >j L*JL. j ^1^1 j^ ilft £h ^S 
6 3jl^I ri- jis 4-^,3 ^ Jil liM JiUl 3j5Jl ^j ulb J ibL«| >j 

^^J! j^l-Ji ji ijSii wU^ . ^jli ^ b>u*i jlaW! j>Ji ^yi fi 

, ^jii ij Siiill «k- Jja-j J! Lj-i; ^%v ^jJI ^ 



5-U J5-1 




^> iUS^ J-fc - 1.6 JJi *!> £ bj ^ 



. 2.U7 kg 



^ (v) ? ^1 1 1 ) Ji M* ^ li 86 * 1 ^' ^ *^ L ■ < ' ) •>** 
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( Wj Jiill ) j^Wl J^Jl 







fi fl -(LlOm) A t =0 



i- -1.90 m 



: tfp GPE JsM J4*JI «UJ ^HJ)| p«|l ; ;, j i 
GPE = (22,2 Mt 1.10 m) = 24.4 ,F jjj 

GPE = (v) 

GPE = (a2.2NK 1.90mJ = -12.2,1 ^j 

«>'l ^ SUSJI jLO'l oL^ Jl L^ GPE ^ j^l j)ji, L : (yj tjaJI 

? i^l J( ijj^! ^ fc ^1 dj> IJ| { i ) 

: yj£s L*^* A&FJi (jli o^Ij jijL mg jl U ; Jtjn* JVjjJ 

AGPE = AWtf.) = tftfA/t 

: $ , &$|| ^UII el* ^ J* y M = 1.10 in jl ij>j 
AGPE = {22.2NX-l.l(Vm) = -2'UJ 

; ^jL U5 o^i'WI oi» <> J£ ^ AGPE ^i of^SJi ^ J ^ 

AGPE = 0-{+244j}»-24,U (I) 

AGPH = 24.4-0 = -24.4 J jyj 

AGPE = -66.6 J - (-42.2 J} ■ ■ 24.4 J ^ 

Juki clji^Jl ii* , jli^dl jlijVI jjL« Jf. >kUj V GPE ^j jJul\ $ ijiaj 

Ml jjj« 5-6 



^* V ( 2*tL ) ytfusij »l$H\ Ljjci jiiai ^aji aw &ui &^j& jj 

^LL LUi jl |j_t J^L-uJ yi j^y 'Li&>l\ iLi^OU GPE yL*> iicj . L^J 

jjJ I jljjj J I jiLu "J l1i_l*j |u^l»JI J, 111 V Jli-)'! Jy-H ,>C »w^JI di3j| 
jjLjU 4_1sa> jl iljJ^L^S (>£*; i_J (*t_il i, Jlili jjLu niH Z (_))-> i_i>J I Jail Ji 

*-**_) jit jtL-n ^JwJL) jjki^u) ULJ '*}[> JLu til 'JU* uijii) jjflj GPfc] 
! 5-12 js™ ^UJi Ijj JL ^ JL .3^ J^Jl ; |jjL U , 5-12 j&llrf.frny Itf j^tfl 

■ J"^ 1 ^J 11 0^ G pE jj SjLjJi j-jLj Jja}| II* J Jail jIl; UjU* iL-LiaLj jb 4L 

: j^ *} t_JULFl iJUj j« j^i-Vl tfdii 
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( wU 3 JiiJi ) v«UJl >i!1 



'/ j 1 ^* j — ■ t- 



yjllll l^jjI Jy6V l.j- lii 

i-^'**- l$j£ii jS^i j^ij 




W±AGPE = m#M 

;,i ^m . jlJJil LJ jJi w ^J 1' .jJUII V^ ^_ui^ iUliJjl jl JJJ £>*>1 
LuJ jLiJ>i 1_u!+j ^J \')~*>t jj^Llu i^JjJI LpltUijI ji*£ i-Jiiii *l}*l lAi!*j 

^, U j* U>UI «JjUll ,^» l^UiLl uf'ljjl M ^ 43^*1 J*JL r^ o! 
LL& iil jljIjJI J^ ji J*UI j5j* &j- ji &* ij . p*JI (cm.) il^ ji^ 
, .-Jl Li! ._!_!■;>, _>__k 4jjjL*JI "d*£ cullS ijts , |^*>JI jif *&%!! Sy j«U 

1 ■■■■<., iLJj Jfi .Ujj , WiLjJl UjSlj. ^i ^ J3USJI iifcullj LLaj> "*JJUI 
Ulttll *^uj j^ ji C-ju* JjUi* j^ p* j! cm. M £jt jUji ^WL yi* 11 

AGPE = m£A/i, m (H 



5-4 -j-jjjj JLu 



; yU«j] ^1 J* Jfc *i*^ 5-12 ji^V ^11 y^ 1 Jfjl fptt J^l *-* 
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( fttfj J^l ) ^UJI u UiJI 



, *JUl Utf >5jl jSLjJIj ^1^1 j^>H jai* Jl eJW : jiiw* JUjjJ 

Jl ^JW> ■ i^J^-J' >V j-* £*; c ' m ' 0-" j 1 ^* 1 &-&« f^ *!^' u' ^J 

»ijj LjJj Sj-ilil ^L-j jj 5 cm jliLu *J3jj UaJI »i* jl iS/ - ^~12 J^' 

u^j Jiy ( iA m =30 ran - 0.20 a jls Upi JjuaIII «L. j* 25 an jw ^k 

AGPE = nj£ Afc i:jM - (10 kg)(9.8 m#)(Q.ao m) 

■ . ^1 *+»j Je JIaJI .JaJ f jW Jiill i^5 j* »i» 




4&Uj ijp LjjbJI Sj5 5-7 



<o 




M 



6-13 js-i 



oL ^i Jl LLij ^l £ ji Jjiil J^ 1 u&* ^ *wj l m £ H' 

J Ijl ^i* S-J^*-* J&i "^wJ 1 «J* ^ j' j^ 1 ^ U^ - *W* J* * L*Jrj3 

j^'b jsji jUi J^ Jk ^i ^> l*j ? j j ^ <jj< f jWi j&iti jiji* 

jj ^JwJi jL— il y^ LJJiv /J J! 4 ■}« jUl *Jj J JjUi J^ 1 ^^ 

Li Vl gfl °$ ^ 'j^J ■ v^- |S J^ 1 ; ^ ] ^1 jL-J iftii ^'j^ 1 

ji» L^-« j^ J^y* JfciJI ji Ji^f>% . Lis i^ljll otfj>JI ^ 5Ui JiJ 
^m -j>!W ) *}** J* "*^ J' ^ p*JI y4#*il Ijl l))L ujSj tiSij y y-Jt jlfijj 
J^iJI ^^L JJ^i Ji i^ijll ol5^l J JjiJi J«H J stb yJM . {M.-C 



j^UAjl 



a ju^ ^^^ i>^ J3L11 j^^ji :-i dJj ^ ^i^j . J*\ J! Jaifli VU 1 * LS '/ ,JI J j jV ( 



^5 Cmj^ A LftjJ* iiL^ Jii jl ^jl jj JJI J tUx* fl Jj A & . m dtfj 
jL.II ji iL_j>j . £/ lewuf jj i;L* *%*- fi A btji ^Jj <iU A j* ^l 

; JJ! Jj£Lil Udim ^l^ll J ULu ^Uif fl Jj A j* twS)JI 

t^ ij JjiJI J_UJl jii J *U!1 1^*; A Jji jaj J# ^ A i^ ( l c£$ ^ 
. mgh jjLu B J| A ji m Ujji JJjS ^iy !^JL*JI 
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( uUaJtj Ji-SJl ) ^liJI JjwJI 



L^iL*Ji j-J <]r£$i JttJI jM Jl B &i '^ **** 'J! ^' j^ 1 ^*J ■ ft 

i 

^y Li ,-iuLAl. jl aJ* Jj^j jJ JiJ>li ^l l^ EjU iijSI Mi &*' 
o, jJUJji >'■ ■<■; L. li* . ~«&^ ji* tip j^i ■ J>» ***^J i* L •*£** 

jjlsji i,ijs fi| i_^bw jji *jJ Lfjl jjJJl J'i atts jl* 4* - f*- ^ "^ 



^ <jj y, UjUJI ^ UHAmA tf^dl iW >^ *> Sl ^ "^ 

; f LU I IjfJ j+ajJlj Sj/Jl ^alt y^N W^ f^ (MH 
ME = KE + PE 






i*lj iy £4 jlil 4»j"]* &» j J#*J' U1W jUl .Will i*3^ 1 j^d * 

i^l ^b ^o f ^Ji 4i> »usl . *<$ j! < a^ > r o W 1 *^ 
^ L±iUJI LfjW *«*^ M* ji V^* J^ ^£*i(lj*)M "^Wl 

J^ jillj t ulUi «tij ^ ^^ jSSl ivi jj^ JJ>! j- 1 i ^ ?JI siJ 
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(otfcJIjjiiJIj^tiJljrfiJI 



^Ilj fcyJI ^IJJ JjUI J>xill 5-8 








Jj>iiJ ^'L, ^ iii|i y &LuJ y ii^ji jj lU> l^ Jia i* J5 ^ 

^1 Jl t^rflj m LfJJoS ^ijuu 5JU ULj J^> Q*j, 5 14 j£ij| J ^ 

*USi l«^ii UWJl ^ ji ^>j , Vf - = S^gi L^, -^aij j = ft ^i^l 
t »*-*$ - 2«y ' (2-9) UjUII »1&lJ{ [i&u t «=-g 4 &$ J]£ tf jjl 

■ jl j^i #lj*3l j Uj ^j «JaL J^l jj^ UjjJI ULiJ OPE iJjLu j ^jjl 

,,2 

^U jj* (GSy SJLbi JjLj QjU <*» jo* ^-*J JBIiJI jufjkjl U\h Ji (fin lj> 

. Uafj h(^|J| i^jlL, yl jj^ij I jl L jLil 

UttJi «1*3 glbjl 4lil CPE j| Jv*^ «#$$ ttj*li IStL $} j^ U p^| 

U\h ^ IM* I4J >_^& l t ^$} i GPE JJfidl j^Ji oil 4U1 Ulaj it 

lyii ^j 1^jL>JI tji iiilS tjli . hiu\$A\ ULSaJI .iy Jlij llij i KE ^1 



AME-Q = AKE+AGPE 



1 



AKE=-AGPE 

&£*i DjJiLllI i^Ji LiLilt rJ j oSjjJUl jLi ^j-i.! iLiU jy oj^j Ijj U 

. 4GPE Jju ULv iu^jUJI ^jaiju Lfj txulll 

51M tIL jjilS 5-9 



ylUa jf+i UUa l^ f«jJl Fti_) jJJ tSjJ*j Jji^I I fljil |> St jji* jJ/yJ ! j Jj^ulJI oyjj *>il\£ . 4JLLU ^1 ajjit 

- ^ ujiij qpe j i^yi ^juj, ^^ ^ JjjJS ijj^ jy^i j^ | ^ ^ au, ^ 
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(4iLUIj>iJi)^L>Jl>ill 



^Lj^Jl .aLUJJI $li JUj jJi ij^U . LjjJl uUI ^ U'i> J* t#W 

p 

I^J.ij . Lub>fi' Oil? L$_J L*Lj_*SJl oWJl ji jl t HiJS J# ji If^j 

ji J^;JL liflili ^JblU tf>* oQ? JJ Jj*^ $ ifi* &j* ±t* **b *1 L>/ 



liL^ij (f _Jt jlfJ ^ii »jS jjj 4iL 
, if j* «U> ^ J,pJl 




^ djJ L .j jli*j JjLJl IAa , jIjaII litin -^j-" LlljAe obtbjJl ^i £ij*B 

IjL+Jj * »-jJL i£ jw jjjii* Lu djljj JU-i^f 4>*^ liJnJJ- *U5U <»^>Jl *SjJ» 

otfjjjl oj* . (-nw s ) tit^ jIj^j *M 4JI4 f-*J* ^ yii* <J^>} i£* [ 

Jyu djU ^I>Ij ^1> Ji+i jJjl iilJsJl #* JJ*! j/ ^}*% ^jjJJ l$ylil\ 
i Ojlj> U-j^y f-**U ^L^ 1 utWI "^V/j 1il ■ <TE) ^jjl^JI &UI r ^ 
^i L*i . obdJi ij« [>* lull J^i JJ J±-^b Sj^UJI jjj iJiUi J*£- UjSIj 

_jJI i3j*}-\ iJit jr l^J Jj-^ IjjjSi ^J* jJjjj) sUbJJS" o*JJ Ijj l ^l*a 

i^] ? Jj^! ^y Ljjj* v^ 1 *^^ "^ i-L * litj ■ 4j -y u> ***$ $ *^^ 



-177- 



( i&jlj jiiJI ) ^uji j^\ 



ULk)r Bjbj ^ Jij^w SjUjJJ fc^i ^ hit a i»j . Jlfc^l ^ & iy* 

iilU ^a* U, .jLull JljJi & <,L*>I l*4« J j ju ili, jljll ri+J ^U'l 

J! dL£*«JI ^ lij^ JjUl JiiJI j^t ^ ^j*i ji t ll,^ re tf^ji 

-W rr = ATE 

TE jfjj; Um t liij JL W fr ^ Lm ^^ UU\ ip)^ 

; jjiVl jjSJJ o^ljjOJI ai* Ji, juaijj 
lyU* ijLj ij>j <jo j„ jAi j ^j jjj ii,. iyj _ ^ ^ ^ y ^ 

Cii a** ^ ux, ^yUll iLt j*_^ . yiyi t |^ ^g ^ -^i oift 
ipi j^j {i.) Lyt ^^ uiyi t i i ^ ^ u-ji wi^^i .^ ^ 

Li* <JGLb v L-> yjlLll r LLxUI J^a (2) , i&Uji ^ ^ ^ jy^, 
l^ LU,U ^jji tj^vjji *JaiL*Ji 5_j*)i i! jj^i |jj ^j ^ j u*j , iLij 
l*i* j5ii jjil a&U, ^y U>*f j,m J^ Oi£5j . L.JLJI 5^ j* ^i ji* 
l*j}Illj ^JJlj j^JIS ^| ^ Uf . oLb^Jl ^ y^l jjiJlj ^i 6 p 
UU ►LL jyLJ oUJ ^jLm ^JL^I ^ ^jiJi ^^ _ ^iL^ > jJ ^ 

; L^iiiLU ^Ui vLkJij JiiJl L^W ^ i^ 
l^^ ^UJ !. f ltl' WJ!, 4«MbJl iAiUJl ^ jjidl iLJ jV J^| J^i 

. r LW( J_>h jJLMl ^ ik.^ JjUl JiUl ^ ^jL ATE a j ik*^ ^ 

. ti^i ^iLj ^i i^jj d)j ji Lw 

>L 55UJI oV 1 J-S jgs*Vl ji iib litUlj Jififl ^ 5j> WI ^ 

2Sj> ^^<^ J+j^ Jj^ pLkUi JU J*i)l Jju IJLi . f lWi gjli-j 
jj ^Tfl ^1 JiJ-j . fl^ill sl^l Aaily jxu; ^j ^i ^|. jj^j -Ltili 
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( fthllj J^UJI ) ^LiJI J*iJ» 




iiii ^ju < r+Ji'i UiA vH ^ 



; Djj-J( (5-9) HjbJl i^b Jj- ^U* jji '»•» ji fLU I Jfi yy 'I k& 

AKE+APEtATE-0 ('&-9) 

jaJill y U^ jk ^fc f UiJJ 4^*11 aiui jj M$\ ol ^ *J->W ai* ^ 
UIWI o>Uj . ATE = $ i*^ dlS3>Kl ujSu Ufcj , S^-J^II uM J 

; ijatihi LfLiJliul 

AKE + APE = (yG-9) 

. (5-9) iljUll ji *^H «t J* M 



Wljtti 

20 toft UjJ bj** ^J&i ^> jj ^j^ MQ k E ^ 5 j^ ^ ^ 
. UUj JijE il Jfi SOffl UjJ ttU ijLJi ■*«*>> J^i/Ji ji* jiLJI ki 
j^lj 5jU^ ^l>| ft dlJM *J» J ^ ?Wlj > iJI ^ r^ 1 

p L . atfUll *#* j-I* W>11 SJLLJij JiAll Sjjtf jftss ji v*t : Jlj- 

V oUUlj JiiJl *^ jS Jli^l »ji J*i" JiS Jlj»r 
L^jpJI oUJl ^ iityi LijU ^M *Wji Jj^ 1 vJ^ 1 J^ 11 : ^1 

-W fr *ATE 

lj ■!,,« a_, Jjai KE Ul t LjSi iljjtf BjLJI ^ >^ fJ GPF1 : ~*M 

. >sJi J! *j1Ij*H 

v in*!i w* ji iiUJlj JiiJI <j> yi W^ l^ j^ 1 ^ jLa! ^ : Jl ^ 
; l£«JI jk ^: jill AKE + ATE = . L^ 

: f ji h^lh "*LU1 iJjWi J*j , a-isu*)y J*JI 



■ 1M. 






( iiiyij jjuji ) ^uj> j**ii 



' 2f 2(30 m) 

v Jlii>^l l>xLi oljLLVl J iJ^ill *jj,1jjJ1 4iLUl jlji. L : gjyi 

. 180 kJ : lf\a^\ 

. 0.68 : U*?1 

i 

5-6 JLU 



. dwJ lijlL J*a| . ij-iLu ^j^Ij 1+sbkel J^d 3j£Jl b^* JajjuJ 

i^jilnlj JVlIIutI 

f *JUI ill j Ut! J 1 ' f^l J U : Jlj-i 
, u±$l .1 tljfjl a* J*to 1 L^]«j 5jSJl : ty*?l 

? 4JLWI* jAJJi 4j^pu ^j ^^J ^j'--* J*A» -lijl Jj ; Jlj-i 

1 4jfi W^, n Liij . J^JI £*,)** JUj ^ l*Ji* ATE = ; j* : h\>$\ 

,_i Liii 1 [\iiui ijji . a jiLL1 Xj ii!L 2_l> jL> o+J <UjJLi>H c±jj}\ ■. j-Uj : JIjh 

, oUjJIj Ji^Ji i>J* J PE **jjl 
v 4J LshJi 3A* , J iiLkJK Jiill Ljlai L^uij ^Jl aj.i*Jl ^jjIaII Jt L> ; JIL> 

l^LSail lilkH *UJ ^1 Jli. lia : L^l 
AKE + AflPE * 

» CPE jlSLUI i^Ji Uy jtL*i ^ji-uS yAjVl Jm iiJ*1 IJJ ittlUtftjJnll 



AGPE = w^.Um) 5 AKE-lm^-0 



2 



lA* 4 



•ia 



hnv 2 -m#.Om) = 



2 

p f - UlgApJM = [219.8 m/sW m)l^ = 8,9 m/s 
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( &W 3 JiiJi ) ,H-l*Ji J-tfl 







5-7JL1* 
&jj J^ji* o*ji » 'J1UI ^ pbii-L . 20 ink fj'Pl ^jl i*^ 1 "^ °*r 

? 'ilbili $■ »j*i '1>jJ' lAM V*i J* ! 4i|* 

L^feu ji ATE l_i*^ jl> Sjj^t ^ *lj*J1 l»jlL *kJ« J; SJI jAill j4^ 
J^ .1^1 ^ ijj $ fiUll j* u*j 0*01 &*- &1S iJb - **wi> JWJI 
^J Ji _tj JjlJI >_ iJU, l*£ ijjkj ■ fLWU ^JL. W w ll>ji> 5Ui J^ 

o* ^i > o^ &#*ii ^ J ^jiij . «wi. j^i ij^iAi ^i j^i 

, o Jjjrtl jj l|Li« flJiill Jo* 3* f+H , ***^l <4>WI 

u>ll) Jja> £• J5 ji >m)I *V L. r ^JI o* tf* «!j+Jl t)f ^ JJ- : JI J- 

<: uUsJlj JiJJi BjIm ji 



: K^i i h is^SJ 1 uLn J^l> 5W JjjJ tljf-ll 4*^ 5jJ 






j!^-j 



jlA, ^ G?E fil US' » iujfffln/tf J! o > .1/jKE b>'i m 

. m$ 40m) 

= i m(20 nA^ - m^i m) + ^ *0 m) . l>i>f 

,. (50kLr)(20m/s) 2 

4il_Jl iiLil J SUallj JWil ^ ^ J^' i> Ji' J **ji0® 't 3 -** 1 : ^J" 
, AGPE -- -19,600 J t ATE = + 9600 J, AK£ = + 10>000 J ; gffe?l 
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(tiWljjAAJlJ^WlJ-all 



5-SJtt. 

5-15 J&JL, A LLLJi j_l* o^—J! Cm ^^ i^l^l ^Lj* ,> L^ ij* 
LjJl u^ L*i 20 N iijjJl JMi»11 ip oiti lij ;,LiJUi Je CiUJb Js^jj 

V C &LJI jit (y) * ii <Ifi]| jis ( i i 



! 5-16 JL1 

L^MI dA]>U *jjj* iilJbj Jiji &L 




f ft JA iSi-jES) Uok ^4 GPE j KE ^ ii>G ^1 clj^l j» U ; J?y 
j> KE jjAjg dljj . M = -10 jii a** . m#M ;Um j#S3S GPE ; 4jUVI 

UU» i j,UI JW! ji UU L*£ . iji Ui' .Hull jlsw ji J L^pJI 111 , h}^\ 

! J£>^l -jUu 4jLUU 
jjj s = 4U m <iij> t W«t = -/k oj-3 ***)'■* *# $£*i\ LbU |jl ; iuUVI 

, ;,L^l ^ J? J| A ^ oUl 
! uUJIj JiJJI L£ > t«k >»J ^1 IjUII U : Jljd 

: ^jjjJI haJL ^ij^iiSlj i; fl JJ ij-JL JlLJi UjUi J*j jI&JU^ijJjJi 
t a - [2(9.8 iWs J K10 mj -2(20 NJI40 mV(300 kg)! 1 * 



\ Vf. jUjJ j£w ^j* LuU Djj A i> t^y |ji y*/ J* . JI_j-j 



jjjfij jJuivdj jjJs ( ^SUi iLii ji ) hSj» i>i> "*L, (Holler coaster) ^Imj^I ► 

, ( ^jill ) 5j*L. d^j* L^Luiii JU 
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( uLWij JtfJI ) ^UJI J*iJI 



JjJI ^ jJLj- B lit iJu* U «j« J! j^ C)ii i^fjj ^siiS A Ujiii liji 

, C iUil) LuJL 

v C } B £#) ■ 5 j A -* GPR ji -all JjL Lj : J1> 

> M = fflm JiiLj . C Jl A ^ A& = -2m d*> , AGPE = m* AA : *A>?I 

- C J] iJ 

: $ 4»j . jUt J^ Ji- ju» W mL Liii Sji : 2J*f\ 

' C J| A &• W„, = -(20 NKGO m) ^ -1200 J 

. C Jl S > 1?« » -fSO N)(20 mf = -400 J ; JilLy 

v C JJ B 6*j C JJ A c* KE jj yaU jIjL U ; Jl>- 

LuiJI jj*j i B y=iHl ±£ 13.S m/s Ujliij l*j^ dJj*S ijj^ 1 0' ^J : ^^ 

. B-C «mU1J LSblill bjJl jiji* JjjJ 

AKK M = J mt»J -(13.8 mtm } AKE< c - |m»| -0 

-120Q J = T mi; ^ 4 ^-2 mJ : ^ 

-400 J = imwj -f m (13.8 m/*) 2 + m^a m) ; tf^ 

, ^L*J< [stf ji a c ■ 5.6 m/s &i *!$ jl* IjjB 6p J v^ 
A c^Uii ^-lj)J &*Jji'l u« JjiJl jl* J*** ^ AGPK J k»5!3 -ifcl jrfj 
LJ*i)l 4JUJI JLc ^ ( ilLJI ^ *5*5 u^33l *i*I lii j W^ Ll^ c £ j 
LlSdL*J j^iJ oul "<*M ofjjti j! J*ill i*y* . B J| A j* jUl JjJ» jl* 

jej jjJO] L^ oltJi o1>tf u-Sj * ^L^JIj ^Ij^ll j^jil Jjlii a^*: 

, Jm\\ "6 jJI jU jie iJ^ HiJWl 

5,0 td/h V 1 *^- J liij ^^ U - a -^ S;J1 ^ "*&** W J* ^ jlji( ^ : ^^ 
, 14.9 tti/h : 4j^)I v dJlii*Vl uj5» JU| ^> A ^ 



5-9 JIS* 
. B-16 JSiJL, uh. >> L^ oA-Jl &* SO kg L#SlsS M> ^j y u^ lAl 

obJI J! LjJjll a-j Lj^j . jS'Ls^WI u±ft\ ^JJb ^ J^ i^i-ll ^1 
oj^ JJi JL^i J[ L^> jjj . jJ*^l jIp Ia^-j ^1 i^J ^m\ LSy 
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( ^LWlj JiiJl ) j^LiJi J^iJI 



jijsJI i Li J| S-^II clIbj Uiifij i JUi J^ r jJJL ^«hJI jiuu ^ Ukil 
U . 14 m/s I4ISJ— jlxL ,jL5 20 m UjJ ijjj «L* ull &# (jiii*L J4JI 

V ,yA*Jl jm JLft»>J i*j^ ijJjiili IL'UjJI jliii 







q 



^£l» t iipJl jL^.jJj-ujju Jl£>^i ikJj, Jji^H JJL^ gj iilt\ . Jlj* 

V il f j i>^ J>J' ^jisj ,_Lli . Li * jju jj ,LlH 

Jjj_Jl JwJI jU ,LUl $, ^ j*ji ^iii Ijji , iW** Llili uLUl j}i JJ 

^j5l»JUiiJ J^iiJ ,j£+j J ff o^c i*Jy1 Ifi 3* jijij jl^sril i_i^i J_i ; Jlj^i 

v oL^JIi oliJ jLaj LiAjLufL C j A 
/mj i^jfj *^>rf yOaJl vUj jj3!i j£lj 1 B juU Ujd! jlj£* jL»jJ <)5uw ; 4jI^V! 

r C iii Kfi - m(I4 th/h) s i f A w K.R = (1 : Lb-VI 
2 ■ "' 

? C j A -ji> FE ji jjtitl U[j U : Jij* 

, APE a mg{-2M) ; 0L>)II 

I ATE ui L : J j« 

. *J^ yjjkll Jj^JI ^ ATE ; ibUVI 

f iUpJjl J$ y^ i&Uj jj ijji ^1 Jiji Jj : JI)j 

iULe 0^ M « Jl^.ftH O^J* 3Mjh Jj J-jlLI uU^I I* ■ M*^ 

L|»S JlJ itjbu j*t )_jij jljjuj 1 Jl-lj i^Jjil ,> Ojiil /J*JJU vJIj ! -^>jL> 

, f« = [SU &K10 m) = +800 J L*ji JJU5JJ ^ 
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( Wj JtiJl ) uh^LsJI j*All 



f C j A&% HSUillj Jilll 4j^u jAi J^ l*J* J-*J ^1 Uibdl I. ■ J)a 

+800 J = i m(14 m/sj" + mrf-2Q m) + ATE ; <jL>V! 

S 

: Jj. J-mJ ATE J l^i *LU\ 3JjL*il >w , jukulij>|i 
ATE = 800 J - 1 (50 kg)(14 in/sP + (50 kg}{9,8 m/s*K20 m) 

= 5700 J 

UyJI IE £m 800 J L*Jjil ^LLu ^Mi\ &1 i&» oa> ^ ^ J* J >dL 

JL£*fl >»j: . : J . J^J ^1 ^yjUJI jjj'ljJ L»sw 9800 J 4JJj J| jU* 

^ jljJLa J ^J* ll> . <$l ,ii£ KE I ,j* ^i 4900 J Ji jw jW 570O J 

, ifc^Uj JidJl $ iJli Sji Ji>^ Um/s ijU ^|UI alt i. 50 kg *iliij t p-4>*l 



■• 



Mm 



15T; 



: 5-17 Jii 
. C ftfli Jit £jLJ 



5-10 JLU 

j* U5' J*jJL id# jjjJ^ ^ 10,00 m djji fiJujJ <> 2.000 kg L^b5 fjS »»HU 
U . JijH X i>j 3,00 ra ojj3 ,*<- Jfi £,j£JI jj ^L-ji 5-17 JiiJL ^ 

? Ijdi ^ J*jli ^ yj; ^ ^ ^-j** 1 W9i 

! ijSII J* J-jll Iff j5y jjJI ikv>ill Ej$ £**% JjJl IjJI ^ U : Ji)-i 
SiLLJIj JWJI 4^ uLi 1 J^jJ'j 5j5Jl ^ opd ^ fiH lij-S*! B] ■ M*$ 

: ^1 jjjl jU tS^ 

^E-f^MOm) 

jw AGPE j AKE ^i ^£ L*J o^ liLi ' J M ' Uii ^^ Ui *' (i ! ■ ^ 

^li jLII ji ^ImJ Jl 6.W W^ JJw iSLWlj JiSJl i^ii 

A GPE = mgth i: -k A ) = m 5 (-10,03 m) 

, WIS .^,^,.t|#^ ji |?j^l ^^ W^ = : i^fl 
f 4JLkJlj JiiJI ^ > yU Jj»>J jjJI UjUJI Li ; Jlj^r 



■ IH5- 



( 4ilDlj JiaJI ) l^WI J-sJI 



, ATE = -W t ^l> AGPE + ATE = ■ LWfl 

' rr ■ 

ijSU Ljjij* 4JIL Ji l^JS LiiJi^il GPE Jj*s tlbJi cj J : *iSL*Jij L >Ji 

.AKE-O^J^'lj 
ATE = -AGPE = (2,000 kgX&SQO nM )( lO.OS nil r 196.6 J 

' md Q.U30 m 



■ 



1 50 it) 




l • J. r 


«,, 




fl 


(!) 


"li 


, 


41) ' 
1,50m ■ 4 ' 


1 iih-m Ill- 


! 


1.15 m 


a ;_ 




V 


l 50 1 15 


» _ 1 
'■-----' J 


, MJfn 


B 


M 


: 5-18 J" 


Jj— »3 UjIj ijiai Jj^i pj^ l*A 


. ^jSiJIj | ijj 4Jlla 


jj| ^^ yu) 



5-Hjil* 

cjLj Ijj . 16-lB JiiJb ^ jj US J*** J> J uL. 5/ &* J;Lj lUJi 
V B xli ( I ) Sj^JI if,j_i jlii* L_j t A ikiJJI itf jjiJl j^ Iftfj* ^ 

f ^Ij* Oils J I Jy* J* ; JljL. 
, 5J( JI ail ^ ijjSjjJt SilkJI >j JjL*JJ ijj mj !>j . Ij+JU! 

^i j^Jl ^ l^jLJl »«-» «J^ °# ^ ijjjhll 3aj>jJI 3ji)iJ l II ; M>VI 
LpU dUJJj t !j£]l *Sjf ol^ol ji* 1*jIj jjj^ J-iJl ll» ji «-iljJl it*} ■ ^ 

T U* 4*UaJlj, Jilll 4j_^ Jli U : Jlj^ 

, AKE + APE - ol*) 1 ! 

TCjA^ffljAfl* APE j!jL U ; Jlj- 

jj USj , APE^; = ^ iy, . £jlJl L ^ ^ &U C J A J™ ' ^1 

(1.50 mj oqh40* = LIS in jji iy it ii iJsUI a*3 i y& iy J^ 1 1> r*'j 

1.15 Uijjj yU»j A iiiJull JiJ «! B *kUi d o ; i ■ 'r 1 ^ J^ 1 "^ ,ijC 

APE A4f - fng{-Q.2~t mj . U*j , 1.5 m - 1,15 m - 0.35 m 

b£~ } oLLJii JjJJI "up fa U+J^ S-x^ ^ J^M\ L* L. ; JlW 

? (J p j v H fro*]} U^jlaiitfl 

(imi/J -0)+ww(-OJ5m) = 

it 
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(iuUjJIjj^Jlj^bJIJjiJ! 



^ - {2(9.8 m«),36m] tffl - 2.68 "aft 

y ^ *!* ^bj ^ iJLt JI ifjaJI 4JLL Jpv ji i fil-dl v* J3JJ JL ^ ^ 

Uj*JI JjU l-m-3 ^)j ( IfclWJI p ) Sjlj^ BJjil •)«%)*& ^ ^^' 



ChjJI^i 



5-12 Jtt- 

, UJJ« ^ BjWJI^ ^' J* *jWj feW ot >l Ctf jSjM ^* 

j&JU L*AjA1 3j^-Jl d >^ 1 ■ L^ 1 ^ <> JT^J 1 f> ^ ,Uj * L ^ 

. ^ ^> ^ .15.0 m/a Ji jUl 6* tyUl l^ 20M kg Ujiiifj ■ 5 19 

' Ij5 ^j JL£i>1lj JJ4JL. J£*3U iw iSjaJI *!}*il SjaII W 1 O 1 * &P 

pj, jji ^^ ^i jyji i-^ u < ! > « soon si*jji 3_^i oja J*i j*^ 1 

! jjilai-a JV Jiul 
v JJL>J! :ii J Uajj JJJ' ..Llajil oLt^ Li : J^ 

; 500 N t^-^j > 'j 1 ^ "^ ^ $ ^ ■ ''^'J ^ : ^ 

. ATE c?p Uj^ 1 j»j ' U*»J iSj5 j* 

k Ui! U*u» 3-Li t*-l** J^ lV- jltTll ta*J ' fc^ 1 ^ ^ ^ 1 

JjUl JJLiJI ^ A ^l g,U •jW ^ UUU IjI. . SjM ^ 
^j jjlUi il» ^\ J^, . *«#ll U* * jifc-H JUS** ¥ M" 

. uiuij jjtiJi *jjb ji w m hr 

AKE = - (2000 kgKlS.O m/e}? - j ATE = (500 N)(8fl m) 

2 

t uUJU Jjwll Ljfc liiku IJU : Jl}^ 
IV =f(80m) = AKE + ATT] : *4*p 

f. L^J UjJl iyi\ Ufi\ h& ] iiSil* l» > C ' ) *J*" ^^ ; J '^ 
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( ulkltj jtiJl ) U _^L>JI j^iJI 



*=S0Oui 



: 5-19 Ji^ 



e^ r^ 1 ^ ^ '^^ F w* ^i* 4V jwi ^u uwj a i* 

. 80 m uUI 

J fr$\ ji fr$ tit* : J1>- 

**i&li M| olj fyjl uriU* jjiJ ^ U:j i £yft ii^Jl j ^ ; |^y 

1 = * = 7.5 m/g Ckjij s-Sffni kip r*^| a^i ^ ^ ^m ^ 

: ^LUfj Jiili ^ ^ 
K' n „ - m,WQ J + 40,000 J a 265,000 J 

W (I1 |. = h\W m)- 265,000 J 



f=3810N 



: uj! 






; = 



flOm 



u/2 7.5 m/s 



-10,7 b 



; _jj F SjiJl iiwljj jjj^ill iL-ijili j jflj 



i i = w ' H , t _ 265,000 J 



. ip_j_Ji 
Ulfc J] J^ lj±J\ J^ S^jJ ^ aim ^ 25 Jl^ ji J.JUII ^ 
4(28.b hpj = HBbp jJjj yfc IjjIs g£ J ^ J^i $&fr y% ^ 

. L^jj jjUi ^jftji jjjj jiVi ^ 



ikHJIo^l 5-10 
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, 



r 



( SiiiJIj jiAJI ) ^wUJ! JjwJI 



^jjL-J i-«i JAJUI Jj-J j»i Jj" 4JLji^l ji yj& Jiill rj> $ Jl&V^ j-w 

Jl JJLU! Jij J_^*J L»jjJ LlLiL, Lftl itltf j^uj . IJjlII ^jlj>JI HM 









(5-10) 



JiJJJl Jij 
iiW ^ 100 UjjS »tLi& ^ cjtf lij I^Im iSl ji J% 








*:*; t SjiJi j>j _^3 ^kiLj Vjj uiui jL*j i pbu 1 ifii J ^ ^j 
t 5-20 JSiJb Lmli a.j-.JI i-iljll J-LU , <^L^i l+js^ti ^ ^Ijtl ^ 









( iiliJIj JtfJl ) ^Wl >cll 



&jSy |J j-j . ft k ; i 5iU i J4>JI ^j l mg Jiill ^ j^, dljj tj^ 







*■=/■■, 






ft = F 



j'^i imi ^(j ^ifi ^l*ji ^k oi^Ji ^aiiii ol 5-ao jiaii &k>yu 

; ^JJ . h/H=x-tX ^li tiki t jL^Lii* 

s/J k ; jj L^u mg & Jjl F J^aJl *y i*pjj4 SjSJl : ,[ j^ iJjUil oj. ,>, 
JJ L«HjJI y ^ II* . JpJj jmg tyft, f jLJ ^ = ^J c^Li' Ijl , %*i 

L^k "iU.. 
: tjj-jaJl ^k AMA LUtl i&t&ll sjjli!l J^ 



(AMA) = --f 



(5 11) 



^ J-* £*J m $ b^ >? J>- jj »jM ^r £***« ■ J^ 1 J*- jl*j 

: ^lijj AMA uli ^ fr) . &060 K 



F 100 N 



6-21 JSJ ^ UUtl *' tf* ^^ U ' r laii ^ y ^^ <*^ J^ 1 u^ 1 ja^ 



■M jj— i, j i — !»il! IMA 



, iL*ji jji* jU lmj yi Jiii -W k>iS jjS yp a' v^ ^i * LJ1 **»'jJ ( */!>> ji y U,ji <iLj 
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( fclfcjlj JiM ) t «ul*II jdiJI 






^"^ 



( iib ijjwi <a [ ) 



■ 
1 



* 



Ll_$l Jijj 4>l$l T ^ ^ iuJL 4JIjU <fil L&Jl£jll 5*Ui|1 |> jJMjJl yi|J 



yuii i^tiJi tjjim 



(IMA) = -i- 



(5-12) 



: Jj^dJl it ^J^l- e»lif kltf tf^ IMA «, AMA X,ji£ lUiiXj 

% >»U£| - 4Br x 100 (5-13) 

TMA 

JUU txjjli lLu_J1 JJ'i'l JJ f i>jjL oIjUII j JA jjjli *jjjIj j^l >iil^ 

LaiLt Cil tJa>^jL* LJSU IMA <jL> ^1«jj , jjJLs S_jj Jij JLav^L W Jj# 

Jj_b j> jI (> lilLiij Lhjl^>Jl i>l_ijj i_iilj uijj iiJUiS ijjj *1*iaII j>>vjj nl^OI jjjj 
: &j| . «o =2mi . s, =2nfc 6^ H 6*J * JjJiliil jjjUI Lo>j jjLy 



«• 



tS-22 JL1 
SdjUijUfliJ^lMA 



1MA = 



2rca a 



: % ^ ajjl J L^j F iyjl 0l» *JUI ji 100 tfft idiS o^iS I jjj 



ly= V 






H 



,-. : M ■" 5-22 JiilLj IajjJI SjbuJIj . LiU Uu_>f li'ad Li,i cjIjI£JI jiiiu 

ji £_*S . f BolL JiaJI ii ±a> JiJ J| ^jILJl 3jVI J^ Lt^i t JiJl J 
Sj L*jJ jjL*» J-*ll Jw-iu Ltjic 0,5 *r. IftjJ iiLu d^jiO; ^jj-i ^ILJI 2jii!l 

; fi ^j . 3, iJJjiJl ^ Jjl>JI Jjb J jJSJI ^J< idj J Jjj 



IMA = ^ = -'- =2.00 
■ ■» OJm. 



4 j jU*, iJtLj] TMA 
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{ Wj J*UJI ) ^UJI J*iJ» 




W ■ 2LHXI M 






, 4 j_jLl n-23 JUL LuJl ijl£iJ 
CrfjliJI ^ j^I 4ISj^I v^ ^ lju . L+J LJlill iAu&Jl 5jiliJl 



: 5-13 JUi 

G-24 JifiJlf Wjll ( o!# hfih ) 3jliuJL> iiUL^L 2000 N jJjj m* ^ 

. 5jL£J|. oi* o*U£j AMA j IMA A*jj . 800 N jjji S_ji Ji j *U»*J tjjij 

i ZjBO ; **1>VI 



F. 



F. 800 N 



V IMA ijL> ^i*j J* -Uiwu h-i^sj l:L ; JIjk 1 
, J**JI I^Sj>% ^ oUlj L*J^i iUJi bj31 $ ^J! i*Ul fa i^Jl : 4jI>^I 

? J^JJ >*J< JjWl J*i jJ^ £)J.>JI J+*JI jUj J* J^ : Jtyj 

J| j_jij JL> y^ JL\*i t 5-24 JiiJl ^ ; U* ui . ib^ty JUJf qk IjlN 

IMA = — - — = 3,00 

% wan = ^ x 100 : h^\ 

IMA 

= ^ x 100 = 83 % 

3.00 
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. 



J 



( tftULj JAAJI ) l*»WI >*N 




■1,2 on- 





^■1,3 I'm • «L 


: 5-art js-i 


/A 


i ji^ji £ii>i 


!■ 



:5-l4Jti- 



j, jJj3j 15,000 N tjfjgi >* ^ G-25 JliJb fell »jW< F)V f^ 

^JU gtp* L^M ^4jil Ii4 jJ* *U— * 5y ^ j -^ -»> > ^ l 
IjJOl ^}jJ L^ 125 i$] u*J MIA «& lii ( i ) . >W J! *>^^ 45*** 
« ^JjlJl 3 OJ> ji cLil* !J[ (V) * J*** ^J M 1 ¥' J lj2j ^ ; ^' J ^ * 
,|jJu L. (_*) ¥ IMA uJ I* . l.G cm o C>J^ ij*i- ^ WjN * iU ' j»J 
f 30 cm Uji l*Jj UU J*J1 ffnj & MjU \,*j*JI olW 

f AMA j J*>^ Sjj^' BjBW ^ 4£ : ty* 



AMA = 125 



Ui>j^il ii^i 



J** 11 15,000 N 
iUJIaiiJI -— — - — 



- 120 N 



125 1^5 

^ 5jJJl ojJl Ij| ul ■ Jill ^> ** A* ^ S / 1 G? > »** ijUl ^ *** 

julj . jijjji JJM jj- s-jyi e|j3 jj^m j*- ^ ^ ^ ^ 

? lJjUi S^ IMA S5U L : Jly 
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( UU; JttJl ) ^LUI >iil 



U5 1.5 cm *Jjji J-i>}\ yl j_» 1,6 ciy lJjUI jjki. ji JU*j . J**Jl [plttf 

Lftjii 4JL* J^li- jj 1 _jj a-jjJI Jij Jfl Ji>^ (j,\ U*l ull ^ , i!u l£ j^j jj[ Ojb 
, ib(£ MJ iJ! jtJj Lj.U 1.2 m i* Jai j-3u ftulj kjjkj jVk 

Wj M! JSJ *, = WIS m] = 7.54 m J ±«b oLU-)'l sia 

: ^j| £. » 1,5 K ] _:i m Ujji jJjI jj J+aJJ 

IMA = _ZMiD_ = soo 
I,5xl0- J m 






ilk jJ^ L^feill jjiw JLf , ATE ^JLt ^jj*3 uUJij Ji^Jl LJw : Jlj- 

,££! 4fL*> j^S*j Hjij . W Ht = I* ». _j* i^l >^ ilwl^ JjiJi J*AJI : ^L*V[ 

, A&PE - (15,000 N) s 9 jIjaw ^j JS J GPE jijy J J Je. lp» . aKE = 
. L'LkJlj JfcUl LJaJ J ^>_jJl J^jJi j*JI ^ ATE |)i U jjjvu ii£fc 

J^ liiftj , sjj J£J W m = (120 NX7.64 a) = 905 J J ^ : *iiL*% J*|i 

: J$| J&JI ^LUIj ^( L,jL 



90S J - 225 J + ATE ( i^j J£<) 

j^pjj ATE m 13,000 J jl3 fJ £*j t ijjj J£ ATE = 680 J Jmj IMI ti* 






Ljjliu JjjJb ^Lwi £ = mc l UjUll J! [f^ULt Ojii J^ yjSJl li> JJIji ,J 
Ujibl J jjj ^LLu lujlil <JjU1I sis culS Uy tl^l o^jUs jS&tf 6*j . u>jl 
V a>!) gl j ilLuIli <uu-Jl * j LJ I sit jl«3 lj j y£Ji , yjLUI Lb j* i^ 
^jLjj, *jjJl ii^J ^ijj c yi 3-12 *^ill jJ UlLs ^ J^ JJj ^y 

JtJj . LiLkll Lj4i' J[ /? J jr *Jl j*j* Lily i »L*^jI ,> Ip^ja^u ji uf Usi 
i lUii . LUI j^^ ii^^ U£i\ iilklf ^^-j «0? JUj ^i E - fm ! ijLJi 

". l,^ yB ju^i ^ ^ tf a jjjfl 5 = (l kg)f3 x 10 s m/s) a = & x 10 M J 
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i 



( UlUlj jiiJI ) ^ W jrftf 



. iJjUl U» j±Jj hluS jl iiUaJl 

^1 J** — 11 ,)j£3 . ajlil l_Sj5jJ J! jljLtL j&l I jljl |jyi J JjfcJI <> /jji J 

J* oljJJl v^y 4*j . 5k jl^tf l^LujiH o%tUJ U^ SjUIJ L^J' 
# jjSij , fll-JJI ij* iJUs ^ii Jl ^jij lojy Jt&i iuklJI (iji Slu oil^ ii^i 

LjJqJI ^j^i $ <ulfij , llililll fLu^l ^ j! £#jj Lj^u Ui3 J+^JI 4ili 

U _pj ; i &}*JI if^- oU> y i^j jWU JLy t UjjJI ji jjuJ jj IAj)jJi 

u-i jl 5jlj_» tjj-~fl jj sLJilH ^ ioLLOl Oajuuj ; JJajJI i+i* iilL Jil 1+iu;_p 
AfS btDl jLi IW/ J»i *l;i *li iJyi* oBuJ* ^ij J^UjJI ^ Ijl ji , Bj 1 .* 

L^j^u .L£Jl iilt. J olj^ill ji uUsJb 4JUSJI kjj jjjl j^i 4jjU„ j^j 
: 4^1 &iJ< BjjjjiJI ji E - mc* "di\A\ LLtf ^j 1 *Uiifl iitf .y olj^ 



r 



jjJJI fljjS' Jj.L£JI $1j1j#J ^^ 'ijj*Hl ulUI Lkjl I^l'l jl .jkll jj 

: jIjaw ji& Ii£3l ^ .1^ yLi Ji* J (S-14j iijLJl L^ ? alj**l 

lxlQ 7 J _, ,,.^-iu 
13x10" m/n) s 






<i> Jj'ju Lf iLcU^il jljil M ^ ji ji*^ ^[ jiU^i >l*sJl ^li uUj 

iJsLj j_JaJl y$[^ Cvlfip j$ai "i iiiSJl ^J j^uJt I jdj . *j^- j^j.^Ij Jj-lfi jj l±»lj 
; ^i-*J jjJlj v i^jljjjjjjillj CJ^Jj^J^ jl J^Ju* ijjjjl <^yjl iwljJ JJL& jUj 

j_ft jLkiulllj . Uy«j rUjJTllj jlkUllli ijjijjl oil* l*lf I jUj 1 s-jjJI JlJI 
jjij i J_ii Llkt Ji .j_^yij i^ljjJli UuajJi Ljjj'Ji l+j t>iuu LL; 
pUjjIj iiL-^J' : :■ ■ *'••* jjLjilJI Lil . iJLJl L_i_jJI oUeUii i ilLUl jj^u 
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( ulUlj JiaJI } ^ttJI JjjJI 



. ^1 jj uLUl jj^il 

Liiv ^LiiTi ji lijLLijiJ; jjyiii >UiJi j^j J4 yai itifli ^ ij» 

jj tja-fiiJl IJJ jLi iL)j j_Lt IfM . \j±S Lsij ci^ii jj Lfji iy j^ ijjii 
jji , (5 14) DjUII m LsLiJ j& 5j,j-tu J#1M| ^i S^yOul ulkJLkJjj 3Jt£)l 
Ji Jjjhij Uiifl sUJ Lj^ll Ib&Ji ^ fclii ji 0.1 Ji^ ji i^ jlkifli iJU 
,^5^1 £jj -UjjII DL> ^3 lljjii; HjIH i 0.8 JI L-Jl oit ^i3j3 Li* ■ *3U* 

ojLcLaD' _J iii±*j U ^^ > 4liill J l»ii«uu I jilt j^lxu jjiudJI jjjU jl 

100 JI 10 Jam; L^SJI olUUall y 1+^ 6* j#Sl Mai! HU .> ^ 

w 

, iuSj (J j tjl» 

Lf^ ,-Ji*3 L 4_jltt- jj^i Ijj UIL j] bjLJJ jil+J 1 djaill i)J* ji*; 
Lfc$l LvJa ( t^i ) tjy. JAtUi] jjlb LfJ*j J>Jj IjLi 5 j HI j* *^JStt ^uill 
SjUI *Lj? | ^*-J U*; J jjlhll i JjtilL iijii Sill ji 100 ^ju-u JpJJi lift 
i pjSLuij L!l> i i_>y "i' iuLL sjuij ii-J Jji ulw> JSJ ji dJ3 . tjlll JjJiij 

j-b'j I ■'■^- i ; JLill Jjj i .—1*1 . 5— i.jJl iiOlfbfcJl J £#■>* kil li) ^y^p Ifj^j 

tji-*tl Ciil^jjiJI ydiLAsOl l>lju O \]- '' "-> j-*j ■ jjjj-djjj^' j' ; iip-^ ?' Jm^ 1 

JAjJ-JjuJfi i'jIlIAJJI f " ■"■ ^ L-dJxf^ . 4-L>u . _jj 4JJU viiyl ■[ ^1 ^■■■r ^ ij'i-.l i jj^L^JJ 

j 

OIL j_»j . jJiL'i iwit LL> ioi ,>a jUU^ Lfu li^j jL>vj LLj L*ji^j ^ly 
Ltf ^L^, oj^l $UI ^U,j . il* y ^i ^ J> oii ( ^ ji ) VM 
. c 1 ^ \tjjJu jjjLjjjJf^ jjijii]^ y_oSl IjKJI lliiJI iujJL ^jLj Ljji i^j 
tLtil ji 3jll! jjjwij S j 111 rtjji jl> i^i ■ <lj-"£aJ' ^Wl jjJiLij ji*l 3'jS 

, 4jj_mJI jjitwl OjW 4J <iU ^ Ijjil lLS>J Jaw pi^' 'J> . Jj^ 1 LaW 

: J* Ljli j^£i jl oi*j J^iJi lift c*Af)i Jj j^i 
I^Lir ( j ) i &#J| Ullt ( t ) i uL . Jiij JiSJl ( _i) , iiyi ( j ) l ijjUl (-^) . Jj^Jl (i_j) . Jii'l ( i ) Jjjju- 1 
. ^^ AMA j IMA (J) t Jfll i>US (j) t «UJ I ^ ypH ( J» ) t oUJlj ^1 ^ ( r ) i J3lflJl j^>J! 

, 4J-UL« li'.-.'.-J i^,i.H w'AV Jili <tjWU SjJ Ji-ll^J Ud-> JX Jljjjl J«^Lfl V ^ 

, ydiijij iuU*Ji 3jjifi J! iiJi ;>i Jjj*^i . i^-Ji iJiiyi ^ ij-itJi v'- 1 * - ^ 
. -uJUj oLu J'^j- ^ JLu i j JU jjJI; ci>j jtAv t^> i£j> oil? J jjljuJi . 4 

■ >l J! u^J i> JJ^ ^J^ j^ J^ ! H* 1 ^ ^ ^ jtf*^ 1 V 1 -* - 5 
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( OlUlj JjLsJI ) ^bOi JjiJI 



' . ^JaJUJl jjij ilsiUJl jyi\ fat L'jfcJl . 6 

. Lji^'i oiwij *Sj*ji tiiy jjioii J>>u j^j ^ ^ <s_^i ^lkj jji^i j^ iuft ^ v ^ . 7 

. i]l£j>*J( ^y aj JJLi Jjii Ijjjj dj^juII IjIMI ij>j L jSj _ 8 
JjLsII JyjJi ; ; - ■" jjl iL-Jl JiLJl J_*J <*wjJ,l uUJlj Jiiil LjL Sjj-B _ji ulLJl *IL gjibj .IaaU . G 
, ^1 ^U Jii L(j J3ju jjiJl oIIWI dJj J Uj flfai ^ 4jjIj*J1 tiLUfj *£jllj *Sj*Jl ^W 

, ifj^ll 0UUJ1 ^^ ^Kw 4jT d*U5j AMA j IMA V L>, 10 
, »jLm jiotw iiilJl <uj Jii JiU: ^i jjjiOii tkJUl 4j45" i_jU>J £ - mc 2 SJjIji-11 iloiiJ- 1 1 

; A-ybjMll OjIjjJIj SiiiJH o1j>jJl 
:yLtJljJ^JI 
lJoule(J) = lfl.m 

lWatt(W) = U/a 

: a s i»lj] i_^J< jIaj Luj ^4 if pi; /■" iy ikJ^j J,ii! Jiiji : JiiiJl 

iji WW - ft (— >} i lyj jjLJ 4*ljVI (w) . tjL* ^L: iijiil ( i ) : jjt ££& iXs t>j$j Cj' 0$*i J*-*J'- 2 

, (S = 90"> tfyJt aLwl JLt Ljyui S^Jl ty£ Uj^ 
6 = 00" 6jSj Liifi ' lL>jj JAM jj5j S < 90" ci& li] ♦ a j F yjj ^j[p fo #1" jl t^jj g £j ji l£*j J*-^ 1 - ^ 
J jJju IIjh i Ss 180" &j£ dl£i>^ iIL> jj , tiL JjLiJI o£ fl > 9G" ip U.n* t lju> JjLUI ij^ 

. -fg ii_jLj I^l£l»^l jiiJl ikJ^j JjUl JjLlJI 
j«**Jl ii JjjuJf JiiJl jLj . ti^ if 3jJ J^ LkJj; JjijJI JiiJI k-t - i. *. ! paiJj: Jji »-^l ^ opi 1)1 _ 4 
II j I ijJSl ,jJI— js Ijj^jI fjj l^lf J-a>j jjtfl t^jjill lj^aj j oJa . Mjidl oLtlf^'jIl )jl#J t5j;f*Jl ^^j+iJl Jj^ 

. Ij'L ,^, JjjJI Jiill LxUL> J 

: ijjUl 
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( uttJIj JiaJl ) lh-WI JM ! 



. I hp - 74fi W : ^LLjJi f LWl J (hp] "^L^l ijjifly SI j-LWi ^ ( ^tt Jfl Jj^Ji ) tyll* ^k ijJitl - 1 
: ^jjSjI (***)! li* Sjiil l+j j*J ^jJl SjJiJi yls u fOCj- *-* ^k ^ JAJ jil F 6**J1 cjjJI I i] _ 2 

r^FitcosO 

: 4^bil <jiU; 6jji5l ijj »*> ,j* - ^ 

: fkwh) IcL _i!j y^l j»j UlfjfSlt L^ULJI ^ L^JLawI ,OUJ! <5M totj J! UUjji ill 
1 kwh = (1000 W)(3600 s) = 3.fi x 10» J 

; &r*J! illt 
. tffyt ^^ p^Jl L+j^ jjJ' 4iLbJI y (KE) K^Ji 5tt 

■il 

I :k*i 

. oWl Jllii J5j Jiill iJL* ji L* J^JL SI f LUI ^ KE ^& . 1 
, ^U Ujift &T 0$| 1 ,jS j m o^ ^ lj ***P "J 55 ^ v^. Iffi - 2 

: ijiJl y W tfUdlj JAAJ! iU> 
mJI ^U <kJjj JjJjJ 1 Jj^JI = W ffi , = AKE 

■,U LI!Lj . L pj^ jIL*I ^^ Jt WLj f-*lJ j-ijl jijll jl gUS/ll J* 4«M (GPE) ^L£JI i^JI «U> 

: ^LLtf ijSij m# iijjii *jjjL> Sj3 jjJU oaJ mv?J1 

UPE = tf#A 

fa±Jj\ sjMjLl J* jjiy ijS)j s o^ jjluu *Uui »»**J! iiilj jjJl ; .Lil! Ji ±ujj "i GPE ^ &fjjAll - 2 

■ ^ JH&\ 

U> ILktii UJUl .L*Sj UU ^J. M j<jJ ^IjJl a^jII "Jlfi GPE Jy; jLw^Ii *Ij ^^ ^JL. . a 

ijl sia fij JIL jLil J^U: Jt j-Jj jL^I ^ jlLL ^j. ^ ii* ja^ U *j» ik*^ JjV 1 l^ 1 ^ l3 J 

. u^JI ju3^4 HajJjll J+*Jl 90* J^/" C&*i 
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( iJlkJlj Jill) ) ^L±JI Jj^l 



v iMi^i ^jj ojJl IJjj . l^liij»j I+Jljjj LJI^JuJI iij*IL ii^lj hWi y>UI <JLLJ1 ^ TE LjlyJl uLUI 



ajj>^ 



W„^AKE+APE+ATE 

: i^ll> 

, £gw ^ ^ii iidsj &. 4JlkJl »Ltf jyli (> jAiiul) 4i^Jb ^ SJjL^ IjjJiill gii _ 1 

Jjlj. yj jLiiii"il jj jliuJI JU^ 3JaJL*Ji gjiJl IkJ^ JjmII JJLJJI iijj Lu^Jl iiUJIj Jiitl oyiJ j^k ^ _ 2 
JjjII JJi~ W CH| . r U^ ATE 5—pjI j*)\ iiM J hitf iltM jji &J_y JjiJ I Jiill ^ ( APE j*FI 
C-^ j_S W m . jiliJI jIp aJoJI jl j_iJl J^i Ji. -jWI $. fltUI J* JjSj* iEJL*, ^ jjj ji ;k,ljj Jjjuil 

(AMA) LLUl Liu&ll ij&LUl = -=f 

c 

. ayJl J>j F c i s*ltll *j* F,j ii 

(AMA) 4jliil i^iyi Wlill = -i 



o 



*a ' *i 



% itM\ = 100 x ■ — !£ = 100 x ^^ 
JUII >j IMA 

ufk % 100 1^5 ^1 t'UiJf . iftl ikJ^ jii *^> JS J_pi. jjJI JaJJI >j uj ^yll v-JJ j,^ &USH 

, Ljtj» 4iU» Jl JjXw ^ jJl JiiJi J>j jj *j_jUI Ll-HI 
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( iiLMlj judi ) ^Wf Jdifl 



ttJ 






Jijjy 4 ^ JW Jj jiLij ^ <^a ,^^ jLU; SJjWl ^U>U( ^d>l ji j* j^ jo Jjj^, ^b y^ . 1 
lit jjfcl I* ^. ^ ^ ^JIL tf ^S ijtuj . ^jiLJI k*LiU ^lVi jkfJI 4^ ^jj, J^ui ij> j& £jU 
? BjrfSiJ ji [kiJI L. . j^s j -T, ^ jAiJI c>* ijj-f **** Jif oij Ejl J J*>JI 

Uttdl oj* jjl; ^l ^ , i j* iii.L 4ii.iL ^ tLiiJi ^ cjjp &j> j ^^\ j)UJi i ^UJl J>aj L.i*_ Ft 

Iaj* ploU-tj ^Lij ^ gjA| , jl^L ^ jljL ^ ^1 J p j^i j ^ jij^ ^ ^ ^ ^ ^ ^ . 4 
( ^l ^ ttB _j*i1 )' ^1 Sto jy^ t ^ U jjSl b^Jl ; U* ^ fcl . ^yij iS^JI iJlU JjUIi Jj>jJ| 

? iJL p^» i£j> 
, U JjL l*j* JJ 0J U| ^ ^Ls ffl L^' ijL, J ^| . |k jJj J^li ^ £>LB Cff,*jW J pti-I ^ - 6 
_ji ^Ul ^j oILj^I ^ J&^l |ji ik-fj, JjLlI JWJI jlJ** U . $£ D I4J*** Jj ^i ii ^ 

* aJLJLJI ait 

jIb ^ ^jl JxjJI pji^ [jtt ^5L , J^L U^ ^ ^ uLL i^^l ^ ^j ^L^jfjJIj oljLJl jjjj. 9 

, LIU* ttdf$+* Vl 
*WjJ Cm ^y*J :j jt ^ tUSl ij^j ^«j ^ jjUI L^*^ ! ^ ^1 i^p\ ^U*JI Sjji]l ^ L . 10 

? ijtj-*j J_Jl 
ul jjjUl . ^L, Lj 1 —: j^i 5jL_^ OjV fJ*^ -^ »jtjH jiL t*J u^ ^1 aydJ S^jiSJl luUl jjj . 11 
■ ^ ^ L J tH ^} l$\ !*>i >*b ^^ ■ 25 m/fi Lfi, J^ U r ^jjb ^ ^slJUi. ^LJl 

i > i ' 

Uiji ^iiU pUJ[ Lt^ijj jl ^>y 4JUJI (> V*» ^ . ib^ J^ J 4JLLJI & 1 ,1 Jlp $Jfl ojj ■■ll t -„. . 12 
. 4184 J yfy f UkH 430s ^ Jt3*I! j^Jl ji ^LiJl ^IjH jSW if >>^f lj« ^li '"]■ ■■ ^ 






5-1 u£JI 
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( iiLWi. jttJi ) u4*Wi ^a\ 



J-iiJl j\& U . ^1 & 30 r Li,j3 m) £L* *L+>\ J ^ ^ 240 N ^jLj Jlfrl tyi ji! upi\ SjUl - 2 

HO m Li J4 y uL* L^ll tf^ Jli- Jjjjl 
di* j jjl Ja^JI j1.iL L. , jiiS'i ^*J 24° UjJ SjjIj ^ nl^l J ISO N U, J i^b ^i* 5jf}^ ii^l jji . 3 

T 50 m Ujjj L*j| 4iLj ijl^jjJl ijjj Ujus dIjJI 
lib-jill L^ljLLJ ^ dL^i>^| «jj jfjJU U .mm JMi ijLJi Ilia. JJ ,uL»ji 1250 kg L^ta' SjL, cM>y _ 4 ■ 

? JjW > ^l£>^ »jj JjJ ^ ill J^JI jljJU U y 0.7 Jl£i*T(l J,U, $K Ijj j^l -Uj LujSl 
Jj^ ii ^^ J_»^i 4)jlu ^jjl JaJI jIjL Li . 1.8 m ojja gtbjl Jj ^ ^ 400 N l+jj 'iHBI -j^ tlj . 5 

L*i , 8 kJ j»l I i*i Jl jUl gj Jjiuil JiiH ^CS fjLJ . Ipfj j3u $, iLb g^j 200 N 4£j ijlj J*, ^ - 6 

J ^ Ju 4,5 s sjJ Iwi^l ^ Lj* LJii ^jj J 20 N Lajlji*j dL£*![l ly j^ 360 J e^jS i)LLi v l^ J^j . 7 

k ' <Pj*d\ OJJt W L t jlj&ll 4liU i*j_u J»3uj 4_ii£ll 

ijjjiJi ^ Jli^TJI J,bu jli Li] . F fc,U sji ^k'l L^jj ^ 4^ji ^J> 30 kg L^Jbi oy i VU* *& - 8 

t 8 ft IjjjI'I *%*i SLiUi <JiJ &1 .j5lt| JiiJl jf.iL, U i 0.5 IjJjVlj 
* 6 m JSI l^tejl pLJI oL*jj t> i*U 4£_^* j^j, J 60kg L^ Lii^ ^ ik^ Jjiii JjLUI jli L.9 
LijJ ojljj Jjjj ^U^! If jj^vij jjju ^1* jJLp! J| 3.5 in U^ iiL* SO kp -ubf (>J jjjl^ *jj . 10 
Uj+j ^iir (>iiJI jji« gi s^jiil V i>*iJi j^vij jij ji JjJLjJs JjwJI jIjL L* , ^ii^ LuJL 24" 

. jlaii! 0^ J 
»jj iiLS'j O.ft jjj^iij :^JJI j v ixLj (^ JLSjjOfl JjL« jli IJ[ 5LLJI ilLil J ^Ji .j^Ji Jiitl jlji, U- 11 

? jju^iJ Lj^ »i.il I 
hj»j j^lt j*** Jfi JiJ JJ jJjJJ yi C4-J 50 kg L^Itf i^j; i ^i Li^L J*U i»j J5U ^ Jj* lyij ^^ _ la 
! 2.E n ^;JI tWi t^l ^ JLS^Vl iji J^r ^jji JjLiJI jIjL U . 36" Jjll lylj gj£ L.jj IlLJ 

i : 100 w ^ ^b^i r i^a 4j;l^ji sjj«ji jijL l_ is 

S 5 5 Jyi 20 m U^ljju Ajiii «Lj slO N L»jii liiii ii *1^*« ^ J jLt m* Itf ,*JJ i*j5Ul tl JL 5jji)l Jjm U - 14 
Ujj/l! jIjjI fVMJi ijAill i*i U , i^ii A^jf jU G leg If&S IUjJjS jfltjJI <j£\*i 20 N 'jJjL Jli^l if. IS 

f 0,6 m/s jIjJj 4jjU It^ ^*j^l jit Ljj*— jit Lfj 
S Ifil Sjjl rj> H!3 U . 6 s Jl> ^1*1 JJ Cjj Q m Itji ULu iuli ^jj 240 kg d^* .^J> jjji-e 3JT «ip, 16 
? SjjJl iii ii£ *L1I tyLLj jji ijj Li , 16 m/s U,Ija* iuU it^j ljjI*JI nlL^vlJ 100 hp vj^J jfy* rli>^ - 17 
J»IJL jlj-^-'l »jJ-i i-4* U . 2,5 m^H ^j^-, /,ji; Uiii 12,000 N UjIjai "OjLJ s^ 4Jj^kL j^i jl^ ,ju1uLu. 18 

? 100 W tijji JH^ 
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( iJPj JiiJl ) ^LiJI JjuJ! 



ii^J jijji Ji! ImJ U . 0.6 kg/oiin jjJ J^uj 3.0 m »jjj J5 pUttjl JJ ^j 6* <U' ^ ^** flj*l-l >lji- 20 
UjaJI jA U . B m Ltj J "uL*j 20 kg LfH^ ijjjji' ^jJ 1.6 hp L^i*^ p_jJJ ,jk*j jl *j^j <j^j*^ jyj* p***^ - 21 

5-4 j 5-3 jUiiJI 

\ ; 20 m/s Jjmj J^s 3000 k^ L^ Lj* tfj> tfltU _ 23 

LL3J1 (j^ii LfJ jj_i! ijL^ LSj> Uij t00 km/h UjloL i*j^ i^ai jjL^ <5y **U» u£ ^ ! j* ^»* 24 

S 2f> iti/h Jjajj J^ I+*^j 
K 2.0 5 Jy> 1 .2 J L^y 5Uy 1.5 g LpJ^ 4jL>j l+*l£ jt\ isLli U - 25 
! 2.0 km/h V^j 3200 kg Lulls' ijL-> ii^> UUs ^Ju <J jpJ 72 kg «jJLlS" vlifi j^ £,i ^*- <*j- tfl-26 
fjTUI ^LiJL JJUJI ILj* jj^ . ^0 m/s Jl 10 & 800 kg L^ ^ ijL, ^ uLJ 01 Jtill JJL U- 27 

. JliL*^l jjS J**[ 25 m/s jl 20 &, {$) t jljill „«& bjwJi SjLy Ji 
f 2.0 m Ujjj tfU Jl> 3 X 10 7 m/s Ji ojSJl o* On - 1.67 x JO""' 7 kg} ^ ^ ^fl 4*jSUI »j«JI jIjm U - 28 

i 
i^_. (m = 1.76 x lO" 27 kg) oU^yi &* iij* Jjaw Jl_^ ^j jli jJ^-jwjL J J; *li oU-^l J^u ^J^ . %$ 

Li i L$JJI J UjSj^ 3.6 x 10 1C Jxk-i J &fl\ tlfi jj>1 oiokui Ijj . 10 7 m/s U^jS SUy J! o^ 1 

? 160 g 
luL; i^l J^) ( >!_)i ! l ik-ijj 4J^ ^jW! tiiill jljii U . IBm/a UjfiL i*^ 1000 ks I4JI3S V ijj*»-31 

? 24 m U> tfU J^U. 
jlai U ( I ) , i5 cm j^t ^ u^SJI J J^ji ,jjuli ^-Uj 400 m/s l^j-j 1-S g U^ ^Loj ^*jJmI , 32 

JJiJl !>- iJ-i- >^l jijjill i> y**^ f 15 6 m/s UjJ 4*>^ ^j*j 90 kg oLij ^1 i $ ^ti ±*i {JS LLj _ 33 

iflll J-.}JI U P a* M ^Uij iu^ jJ! ijjJl Js — .^u /& U ( i ) . I .R III LljJS UU ^ J IV J5p 

If ULy JJuJ »_i£>Ul iij^l-l 

0^ Jl£i*^f J,Lw tjLfj t 2 m/a UjIjL ^Ij^I U^ L^5"L» Jj**^ ^ ^ic B kg UJ^j ^> Jib J5, , 34 
. ijSJI JJ J^jll Jfi "^>li LptB jdl **UI jL^V Slktl ^> piULl . 0.12 ^lj 1*1)11 fi 

V ^1 Jl ^-Jb 150 m tfltjl ji- «J jk l^kfi L|Jbi5" ^Jjj Sjfl jtfUsH j^JI '^h \*$ U. 35 

? yijVl JJ L-^Ij (^) ? sjXII X. JJ i^L; ( I ) j/jJl '^ J*^ -4^Jf <^^ jWb I* 
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. 



( tiUJIj Jiill ) i>**WI J*tf 



.38 



,sa^j. EjiL*. JjSi ijili a^***^ J* Jpv*I£U 3,0kg wan ^ 5 kg j#i aSo^-H 

J 50 cm Uji iiU JjS'l 3/11 ^r ^ ^ ^J "^ j* ^' J 1 - 1 *' U 
Jj (v) r l*3M j-» Jljjll fc-ty Jj J^ jw» jtfc L ( T) . 600 m uliSjl ^J 75 k* cM JlJ* 
% mm Jj^l jyuJ W ( i ) . ( ^1^*^11 5y >J ) ! J^> H^ t^' jUI ^ JiiJl ^ l-^JI ^ 

0jJ J lUJI ^ ji> ^> ^ J>~Jl J 45 mm BjJ 3 ii.j 16,000 H l**S ^ J^ ^ ^J^ 1 - 39 

<^L*J! ijiJUl L^ U (v) V H*M ■>-* u > LiJI ^ J^ 1 ^' J ljL L #W m ^ ^' J' 15CC) m 

X j^iUJl j^ 'U*LUI L*£Lfw5 ^sll ik-*!!! 

V ji^Jiil _y*ll Jj= 2,0 m Lnjji 4iU« uTljJI ^ jjJl-all 

J*;ia J *£ U^ p*!) J#* * h ViM t jjBjl ji j! , ft ^j5 gjay Jj J*ji J*! JJ lJj ^ Ji* - 42 

? <it*jj! (it & M^JI 4*h jlJAJ laj ¥ *»*>* ^ 

djUI jtf. L . 10 m/s ^ ^j% fljL-^ Ji 0*j- *^j 10 ft ajJ S gift,! ■>, 3 kg <Gltf Jjji- tiJ . 43 

Je 33 m/E j] tfsy jLiL J-* iy*> j*j^ 4m tfjUi j^ $j£Ji 5* 360 k K diS Ijd* ^jd j 1 jrr ^^ - 44 
y B> ^U^' jfr J\ jlfll JiiJi > iyiii <^J^ y l< ? j^ 1 ^^ oiJI J^J' ^ ^ ■ 24 ja °> t^ 1 
3.0 m/s jj w- r *i-ji 6.0 m Jjbj 30 s ^jlj JiU jji- U Cm jj^J' C^ ^^ 3-2 kg UjlA ^ oljf-45 

, iJ^l Sj*J.I ^ yfl Ji^^'i «i -L-jii A**i ^U*J' J> f^^ 1 ■ ^ & 
jjiiall l^Ujil jJJl iO ^ U ( 1 ) i 5.0 m/s jl ^laJl ^ ^^ -J^jJ 30 c tylj ;4*L J* jj^ jljJl- 46 

oUy , 3 s i3«lj J5U ^^ > ^< j[ 6jUl » i^-Ji ^^>^ s &* ^>^» ^ ^ ^ ^ - 47 ■ 
U ( h ■, S4xlG*kg jLLtli LKJi toSJI J ^l , 2.4 km btjjS oLu jUa^i ^ J *h 45 km/h J! U^JI 
i^jH L, (-^) ? jlSJI JWJ'j ^il^l ^ J^l JA^JI ^ 4^! ^ L (y) * »>QI *k,1jf JjitfU JAJJI jljfi* 

f ,>3Jl Ij* j$i> SjWill 
JM> 2.2 m djJ ^ J! ol^ yji J^jl* -III ii 1.0 kg £ «k^i IM* J^ iptw 5 '^ f-^-i- 43 ' 

JL^-Jl Cli lij B>4I ^^ ^;l ^i j» ( ! ) . 14 m/ 6 U> ^ ^i JJ L->j 240 g L^iSS ^ ^ - 49 i 
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( UWj JAill ) ^ljUJI J*ii\ 



i f UJ I jj *_JtSTl i*j« jUL I* . 160 cm d^ 30° 4lylj J^L ^^ua li > jjUl ,> jTljjfl tJJJI ,> iJB Ijj - 50 

! 1.0 N JllLw^l ijj ^LS" Ij! (v) 1 IjSISui 11 J5UI (j^hil Cr^ (i i { ' ) 

l 6 m/n L ,'jij i*jr« p\2i\ Jl UiLli l-,L,j i j| 4 iii u^ lii jl JliLl U> 3jJ il*- jjiJ' 1 jj jVjjV il& oU _ 51 ■ 

p Jli*> jU h>£> ttjjll liJ Jit i$ll LpUs j* 3j_jSA1I ijyll ijuJI j* Li 

±>;l 5-1 ■ JiiJU jjli yi US jL^iJl yjfi Jj>JJJ 



■imp 





^ m 



S^l f JiA 



Jl yJjJb C j fl |^j_jJatll1 Ju_Ic LjjjJI iij—i jliij 

^i'LSl>f i iU-«Jl 
PiPff^PwswsBPwWmswpiBnHj! iJUjI J C j -B ^ilssJjl Juj: O jJI £s*j jfJJU J*)l - 5S 

. A UmJ!j jjll J-5 jLJl Jl 1.5 m/a 
lij . 3 m/s UjIjL bj^ B U£jg ^j A jAi ^jUl ^ i£^Jl 400 kg UJ^ L/ iiJ 5-l f JiAll ^ - 54 ■ 
. LjJI <5j* j^ ^11 i)tfc»ti jy L-r|I, LJ t 20 m $*M\ J^> J&B J\A fr oLJl oJlS 

n^u LoiJI &IS Li* &j£j £> ^>^' 'j^l ^U 'J! - <J.6 ffl ^ ^ Jjt ^ ^JJ* J^ ^^ s / Llji ^- 5R 
J^Jbl ) *! bj*\—u> jjUjJI ttuj Ca*j *£l jjji iktllb j*j" Uili ijiil 4*j-i jUU Uj i .^Ijll jj 60 n Uj J 4jj.'j 

? j^-ljJl jw 30^ L*jjJ *jJj kj*Jl ju*oj UiU JijUl ULll ji JjjIJI ^ 4*j-j jIjL L* _ 56 
^S \j\ , PjUJl Uj- jlji* D ^a> l a 2 jm Cj^jL ijLj jl* SjJlil JLib-'il lJ^J ^_u-Uw iJUl i^LtjJl jot . 57 ■ 
LJ t 80 km/li b^Jl ok 30 kg/^aJ &yJ\ J^i*! jja* gtSy Bj'^-JI tfj*J j^Jl j^jJI J^UJl _jj JLSl»Ul 

f 100 kiii/li IpjJI 4* J^i-1'l Jiu 
^J^^l j^ u^jjjii i 2.2 iii/h Ujli Uytf 30" ^ JiU ^ji*j jj) ^i J ^Jji^l 625 g AJjJi i_Jii ijj . 58 ■ 
jjijl* U< T) t 4^0 vJ^ 1 *S^ ia^* 11 JL^'i'l (j* jl ^ . J-— «i J! j^l ^ fi ^Ocm Ujjs iiU 

! plill JlJ-k. Lijj ^JLill y« jIja* Li ( v ) ! J&^l 

oij^Ol lijJ 4ju*U1I lfi\ tj\ jjj-j jlJj . 440 N L*,jd 5^1 Jj>J-Lj b ; lSj oacLaj 640^^ diS p* ^Sj %- 59 
* IMA (w) s AMA ( I ) j-»J . f>.fi m j-^" -!i i^ll Jy^ U±& 0,45 m Ujji iiLj JmJI *jj «kU3 

. <J^I ^US (_>) 
ij-ji t Lilll jj 87 SjLSJI 5*US oJIS' Ijj . 180 N L*j J ij? jiI^jjIj 240 kg l*jl j^ *1^ ^j «to &jti - 60 

. * f / $ (_>) i IMA (v) i AMA ( i ) 

24 kg UfcS" Jj> «JjJ jLj.^1 lj« r Ijii-l jujl til aM 1 j>^j i^**- 11 i*i* lS>$ ^ ^j V-^ 1 j iji * I* - 61 

, <iUl jj yy jt^Jl c^W ji i>j^l J 28 N Ujj3 iji JjihJUtf 

. J*>JI LfwJji jjjl oLJi ,:m 1.0 cm JS3 38 cm dj*^ ( i^ J>j ) ojj ji ^ lj*« ^j 1 ^ ^ li* 1 * f- 1 *" 1 - 62 
* *illl ^ 22 tfi) 3«US ul ^> 3600 N n^j J** ^ JupUl ayJI jli L (v) ? ^V IMA i«s U ( I ) 
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{ uuiiij jii)i ) ^un jdii 



4^U>J( ijjill jljifl L» ; iSlil J 88 j^m kliS J ^i^L O.S kW u"j±j J juii 4iiL jMj^ jjjj* J**j- 63 

jliju Ui ( 1600 rev/ruin Jja*j _,ji j^iJI ^li' Ijlj , 7.2 cm IajU iji ajyi J*>j 0,25 hp *3j,jj rip* 64 ■ 

jjjj^I jjii 4-»iL*Jl ^jjiil -Uu^* 1 -um.j j i 1800 rev/rain I* ,ji j*At if >-*j J**j 55 W *jjjj yA*j jj3u • 65 ■ 
j-i jjyi ukLuij BjJ ,jL : OLI J 33 iTJl 5*lti tujll l:j ( i ) , iis 16 rcv/niii'i Jja+j ( _j*Jl jjis ) JL^JI 
fyiJl Jj,*i jjJj iw*; yjjjJl c^aJ lt 1 ^ 'JI M Y jy*J' J J+* uf^ Mj* 3.2 Ctn LijJai <_Lii bjJ^j jJL j,jjl 
, 55 W jfji\ ijjj *j> £l ^jjil f SjiJf jjii Ji jjJl il] L»lllt Sydl jlji+ L+ i 16(1,000 rpv/min J»u*j 

JjjJii J—iLiJi j[jL U ( t j , 94N v jJJi »ji Jji> Jw> iloku^ 6 m L*_>i i*U ^i ji £Jj **? M^.flS 

JL£>^l 5j* jl iuJ^ 131 , 39 cm/e Jjaju LSji sjJw* Je i5j>Jl LfJ&u Ulw ( 16 cm/E Jjmj 24 u L*jjj OjI)j 

SjLJl tjh'i i .ri J^U ^ji*** Jjj i^jlj J> Lai i Sjl^JI Jtfjrf J-Jh V j Cub jljAt k Cii> t ^U j5j.ImJ iSj>ii 'Hull 

? 28 iii/.-i Ujl^ii i»v^ w»a* 

i It'll I oJju ^i J_hji l 0j^— ^' d* ^"^P J^^ ijf^l f^l ,:> - fifl ■■ 

j I jii L , 0.5 m il^il J**j i^jJI Jj^J! jJsJ 72 cm U,jj oUi j*Ji 
? ^jjSi\ Lf«ji J! Lpjj* jit jjjuji <JjSJ( Ujw 
(■_jJ jjjb 4i«m 30 c 4Jj_ilj .JiL ^jj-u JLc Jii Jl k_Jli Jj*j _ 69 i 
,_Li'-w ^i jioef . 45 N l*jIju ( JiUI j jL**U Ljlv ^ \ \j£> 
^f^ll ijb ^Jil Jl Jjjo jj ^JUJI jij 042 djU ^JL<i>1l 
a*_lfl 1L-iIjj Jji_Jl J^iill i_>-_ji ( i ) . I.R m U Jh J liLy JiUl 
Jjj_(j| (^LjIjJI (_j>) i ^JL»J* Itwljv Jji^il JiiJl (y) ■ ^>1* 

0_^ L^vjb yUWI ii , 120kg Ll^Jl U#s]jJ J^ Ut'J J^j Jl*, 70 
3G D Uji ijjlj 4jli(JI j5 ^ <>^-j% J-iJOil JjaI! 5l^ Uilt 5 m 
Jj> Ll^ Ciili' lib . o-^j j< i> J^ j^ lhj^ ^ JJ^j . ^"ifl a* 
v _>jlij| ol^ ^i JL* <J[ J— ftejl ^1 Ui ■ 52 kg 
jj , yijlfl pk- j^s 2400 m ojjj jLijjl ^ jjSJl ,> 60 kg L^JjSj ^^Jl ^i uLJl £1^ jj*| cii- _ 71 
IL-il^ Jjj-Jl JJLiJi jlii* L. ( i ) , 60 m/» UjlA *iU i*i Jj L^ jkJ oLj* 1000 m Jjl SMI oaIsJ jl 
5 800 m UjIjL a^JLj oU Jyi lyl\ si* iJjjj jiJl JiJJl jIiaj It (v) ! 1000 m Jji J>L* iui_^JI ^Lill 




■■ 




5-2f J£i 
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( W, jiAA ) ^uJi j*ji 



-JiJl a-jj ^j jJi>J* |»W> ijj^s Ls-w 50,000 lb UjIjL ( dj^Jl *ij j*_j ) Ifi Jju ilL J^ ■_■'"' ■■ - 72 
WjJL Jj_>JI LmJt, ( _ 5 _lJI BjjJll jlii Lui s tfjUffi jj* 240 km/h Jj-*j 35^ j JlkJl oJUS SJj . ill) I 

, 2,0 m/e Ujjh, itj-j J^j^ jj^ ^JU iJ -l* i Ujit pjjSJI 6* 420 W iU^ ?2 kg *&£ y*ki _ 73 ■ 
SjLjjJI J_5 ^1 ^jki . 040 W jj jflp.-dl PjiLH *ijj3 iej_JI jliu ,jjLj Ifputj >Ij1j jj-JI iji Uokj 

( I ) J^-ji . 1 DO rn tcliJjl ^L* 443 2,0 m/e L»^lji* LmIjJwI Wjwj Llsji 0.5 kg ajJIS* JjU lJjJw jjii - 74 ■ 

. ^wiLu, oJj% Jiliif Jjtk_>*i' iUI ILJJi J dUJ j ; JjiiuIJ J-JL^UI ii'^Jl olL {_*) 



20(i 



JyjJ ^p-J jjUl J^sftil jj J&y jjjl 4JLkJl »& Ajjjj 
. jLsJi J_aiSl f-yJiu £u£$ri Ijjkj i jkijl ilj*3l1 LuS' *ijb 

**J1jJI jjj^ j^iU) Sjiitfi c^£J i^lUJf lis ^1 |j>j lJ^-m 

<_Jjj ^J Ujl^l oi* LUU jl;±ji. ^bbl Lp! , U^k ^lij ^kiJl J^l IuS ouuu J^ ^Ijf . M^ill 




tb; 



L^'^ 



jjK^JI Jj^JJI <iu5 *j*{iA4 6-1 



Ji j^Si »-*>J1 **j*i £ul£ 'Jii . h^lLj Jjbv t _i jl jl ,jjJo ijl Jp iiuu 
Oj*j ojIj LiIS u>ll iM ojlj U15 i JJj J^ 5j^£ . oiLj l_ai^JI ^ j\S 
f.JL'j l 2 m/fl UbjIjJu If- _-j L£j>i* 4 >!jj JlLJ J^_Jl > . Hj3 . olLj 

j-lbl JJs i 4Ju*J! .Jj 4» .A I fcAjj u<hJ <U wJl jIJAj u*8ju O Jtjj ijU-' v^"d| 

, £jtf1 ^ jJjiJI J^svJI 
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( jUJl J^l "^ ) ^jLJI >i|] 




: 6-1 JSJJL LujJl ^ jill Sj$ J*b . 1^1 ly*H, ^UJj Jj>oJI ^ Jj*J 

■ 



jksJl iij^itl ii+S = p = mv 



(6-1) 



: 6-1 Jti , * 

L£j*Jl ULLj Lr L3JI &jjdi <^ fc» $&$ ljl>i k>^ . v p**)1 i*^ sL^I 
iLJLU; ^cjJI Jj>J <i«i jljAff JsjJj^j IJA . 4l*j*u j'jAjiJ ^fJl ^M J* jliilv 

■ 4jj^I ikj-Jl UijUL *jSjA 



2 2m 2m 



J*»2m(KE) 



(6-2) 



■ ■ 



jj>\ 'iiu^ ^lill ^ j^tf 6-2 




L-tiS . j^Jl j jildi Jail) dj*2\ 



jyli jOjj lJj5 jjjJ ii!taJl cjj» u"ill <j-jjil . 4ij>j 4jj5 jIjj; JIj% jIjjJ 4J*j~f 

. jJaikH Jj*ii S^S tJ^lju tifftS Aifi ^lill ^ 
jjjU ^j_*j ^JLi j^jijJl ,j\ du» , 6-2 J5JU ^wiLS m liLd" j*i Jjii-s J*Li 
, F = m.a HjSS' ^^itj ^liJl ^Jjj] ^tllj jj^kwj 1 a o^J ^f^ ^*&j ^ F 5jZ3l 
: ijjjJl Jj F = ma 5JjL»ll J^*i; a = (v, - v (l ) 1 1 il»*ll Ju^ ^jij^U 



p,^ 



(6-3) 



mv.-mv 



, F = ma j-Jj jJUJl ijjjlj ijjjjj l+f ii* J&\ t^\ j* .ul^ll ^i (fi-3) UjIhII 
JiJl ^jLu .— * Is jjjll 'ijJtJI JL> ijl (6-3) UjLJI j^aJ t j>I uj^LL 
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( Ja>i\ JjjuJI ip& ) ^jUI JjiJl 



. &IS t-*Jl ills' ^j£ Ipjic iadj jiL; 5>atVl UjLhJI ^ F - ma ^j (6-3) 
<Jbs o^ J[ ^jJJI oly^l J^y U \'j£S \M\ J**. Jfi JUJl uijjl .yj 

^ ^^ Likj t iLioj^s F = ma <^-5j II Uju> 1 L w . im (6-3) iijUil 

ills' ^Li" UlL (fi-3) DjLJI ijj_j _i J lUl j^jju ^15 JiihU Jj}j0 

i-Li\ji\ i^l J-jaiJl Siuj (>j J> J i jj»- jJ ^Ul^ji (jj* . ijiAis pjLitl *-*»Jl 

. jJJlJI Jti-JU f*/«ftJl *J^> J^J*jJi JtkJ Jj J*} i Oj^ iii^Jl ^ ()j£ ji)l 



Jj_iH « J* vjij Justi , ijil Jc 4*01$ 




jj_£i II JjIjj j-Lc J/uJI Lui' j* j$N p***+ j*^ ^l**i J*^ [ [fi-*i 4 

J 

^u l^lBu, j^yj Hi 'j "!''''■ : i' L-jj^iu lj«aj j ,; w j-ijJJ . IUaJ . 0u1j '4^3 : JII 
Vr Juj . vr^ 1 *k-' , « V^ j^ »jJjUy iL-j^' Oj^ 1 ^!j^ ( G ~ 3 ) ^ Wl 

F/^Ap (64) 

R = niv, -rav ( 
i^Lii ^iw d^; L*i ^i (J ^bJI 0^ Ijlajj . ajill ^Jj ,^4^ ¥t vj-^ 1 J-* 1 -* 
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( jkiJl i^jiuJI IUa& ) ^AJ\ JdiJI 



; 6-1 j*^jj Ji*s 



itf 20 m/s &* If&j* jljib jii^j ^E-n k> .J dj*Zi 1500 kg l^jitf SjW 
V L^.*! Jjj-il ifc-^l y3l jljii li ■ 3.0 s Jtt> £ oL: 15 m/s Ji 4 U*Ji 

■ 

: otiti ^ (^-3) *kWl L ilj*^ **■* ^ ^^ u^ 1 ^ 4^ f ljii -^ 

_ m v, - m v rt 
F = — * - 



v., = SI ra/s 




F s^-J^i 







.( = 3.0 b t v, = +15 m/ti t v fl - +20 ni/s £jj . u^ tl^tf 4$fi\ &Uj! &lil 
ijm l^aJ Ujl Ji>TI) . F = -KSO0 N J ju»J ^j^i iLiy*Jl d^j j*j 

, 52.H m ; LU-)fl . 3 JI A ;> oUl U ; Otf>» 
. _ 

^&JI J! e*J«<*i 'j^v 20 m/s l«3*j* jijj.* 1 200 kg l^la' jjL- a*-ik*l 
ij-*Jjf J1_L| Sjii^pj i^-ji . ((! 4 J^AiJl jLl ) \ s - IJffi iiLu J^> 

t jjiklt JV Jjml 

L^ 3jUli _,*>& yU* ^.j^ili* J*) '^ J J*>^ ^ ! 4*1*?' 

Ap - m\ { - ia\ a - ( laOO kg)(20 m/s) = - 24000 kg.m/s : lk*}\ 
Ft = Ap 



\ tfi\ j#h j#j ^-f Jui' : Jljw 
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( J*ti\ J^JI i*rf ) ^jUI >yi 



; |>jJ'j utfjiJI iJUij ikrj J ikjjlll lij-Jl jljlU ,j±w ^5uj .3 £#j , .jLaull 



£l J*J &J S = yf 



o 10m/s 



- Vo 



O.lbs 

Iji^Ai ljl_*id jlaUJ L^JI Ll-ui Ji*^ . ( Ljyjl! Lib 18} >j*ll sii ^ (£uJM 

^jLjJl l j i<.» ^fjjflj 4_jLjjaJI oljLuJl obtot tuu i^u—Jl lofj , iiLJ 1 

, jtvJL H * 4jAjJI » yAl*Jj oUjUvHJl »Uu< « fl-a>j n i^>j 



CJ 



; 6-2 jjoiji Juj 
JjLJl j.jLdj ijljj- jj oLL^il JJL jJ !*tfjfJl jjL^Ji L*a! jjj r Lij)' 

Ll^iJtj jJajji (jl Jj SSpJI ^3 jJ_lt *ij Jj t ijLaill iifi jiUl i^cfc jj £jl*Jl tj^l 

j_ij pjLjaJI 4_Uju ijkjj iJj* <ei> ,> j_jLJ| »j^JI| jiUI ^Jj £li <ukj . SjUi 
jji t iJJjlSl iiL— j £l ^jlil , ajLull iijl> 4jmJ Uj^ij SjLJI iUj*< k _jjLu JjJui 

Ul ■ 50 cm J>)}iJ\ y*£}\ j>>-j J fjtaiJI ^ij . I cm coUiJi ii*«J . « ^a^JI .. 
J_-UI ^( ^JJi ^ Spb jj.jX , 5 cm Jl ftt^M J^y u' 6&^ *^>J! i*J y* 
^ ySljfJl j^Jl jl uLill 4i^i> Jfiji Jj^ 150 kjj «l£tf jJU (30 kg) jy*ii 

j-^i ijLJl jijU; (l^i 4ijJ| 5jaJI Iwji p\ y- 1 JlUl ^ Uylj : jituw J^jJj! 

J 6-1 JLdi ^J L^l ^iS jjj . L^Jsd ijL_Ji Ji^: ti _ssli UUI ^k iLi^ 
u>t ±h *t\ J&yi\ .J\jJi*l C\i jiUi Ul . (1.5 cm) t^wi jij5 jjL JiuUi SJ^Jl 

3Lk*il oLjUJIj o*iy^^ ■ s jW ^L* jj <jj jrtii jjj jtiJLj i j^l 4i h —j Jt'j- 
: jjjl Ul$\ ll^ju ,yU\ w* ilkiji HU i i*1j 6-1 Jlill o^U* J ^JU 



t = ^2- - 6.0006 

; U . ji ia^ lis 3 si 



)Jj iij uJJw 1j* ! ti ms J>Li ^tu ^i k_i*j jw^Jl u i j\ 
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( JiiJl iljjjfl <US ) jjjUi Jjifl 



F 8 °-W b/,) , 1.0*1Q*N 



0.0006 a 






f= MinL= 0.056s 



lDm/B 



HUJi »i» ji Uujill bjSJI j*i;_) 



ito* fi 



f 1 ) 






:S-5JLi 

UaaI y_Jp iji>Ji iji* ijjii ( i ) 

^J j-Lty yr-fe 5jj>S sjil) ^jU- 
.^j J ijua ,i_k jil , , |u} F jJi 



n-mktfww. M 

0,56 9 

4>l—» if LfAijjJ il* jSJj 1 SjshS oJjLt v IjJj«J u5j 1.25 ij^Ljj i ejSJl el* 
'^_1 i>>"^ jJJI Dji'l J^— '^ J^ bijjjlj jjikw lP'*^'I u"^ ct^^"' M^' 

„ till CA*J 15 ft ijji ,5*i ^ ,_r^ U^ifi p-i^Jl 

^1 d^UI i^S tlL ajili 6-3 

j-t JLJl uj ji li* .Ls dij 0>m Jj lkji>j ilUaJI J ^Wl J*UI ji IjjIj 

. JjLj »l*j jjjtSJ Ufj juaW ^jJaiJI Jj^jJI 4*^ jl ^1 Oyi jj-j . Wj* 

Jjij n'jJI jl iJijJl ijj^y uy$ lu *Jaj u-*JJ ■ 6^j*' Di***^ tS' J 1 ' U^J* ^ 

j fi-5 JiiJI jj j— d^i n-*^JI ily*> i-*>& ji j^ 1 ^L->j j3i fj**- 
J 1 4j>J v*5 ifljj iu ^iiil ^ oytS vSi • (6-3) ibLJl > . f*UU 







1 



^ 
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( jJiiJI tJjftSfl V*i ) ^jUI Jrfill 



; {>jVI iu~l»JJ cujJL t JUL 

(Fi lF=Hi) = ( mi v irm| v |rf )t(m^v^- m2 v zt ,) (6 5) 

-Ap,+dp, = Ap tnt 

: 4*J ■ |JU (6-5) iJjbJ _^'1 JjUl ^jl d&is) i Fj =-P a ^JJ , fattl 



tot 

Ap, = -Ap 2 

pL-*Sl ^ iiM^j y Jjj*il j,LWI : Jt Li' JjjjJl iUsJJb ^^ L Jyu &[j 
— *■ (> ( f IDI y ) uj^l^JI lis JS» ji* , ijL» -.jUJJ ^ L#jJ> ijjjll j^aJI iUhj 

pu^t; alj _ Lliu jLJl ^U, Jtf f U*^l iu^J Llfli Jj*jJI ^5 Jji#\ ils 

■ JL Li' is*Jl J p^l 

jh/JI j-U o!jL**Jl jij^j^ ^-u^i j^w l}£j&<> »jL^J j# l 5ll*i . ijui" oIL 

L^o (>- j ■■'■■-■ o^wJ u lji_ ^ -^ ( *<wuj* yj ^ ^>^i ji* #jjM l^- 1 *! U- />" i/ 1 ^ j& 

; j -^ J^j ,lilU JiS| jitjaiji ^i O^j^Jl J^*! * />■' ji)l 6j*S) <^M^ Uj^j [4JS liuu" jijLuJI fJi>J jj iJJj 
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( JbaJ! J>jII ii^ ) ^jLJI JjuJI 



<Lf*Ii Lji£ iljjjJ' ^j*5 £l jSiSfli jl v^i 4i**" **^ l ^ 0^1* j^ J*c 
L*L«JI x j*_*Jl aLx^l Lliii IjI . 6-6 j_^LJ[ Jl a^jU i lJU J ama\ ^rfjjJj 
: D jr JI Jb {lG G Jli) |,jlja)l Jji oKJi J>*JJl L*£ Lttf j£*^ L^j, 

-12-12 = 

'% ji ,>. fijJLj . x j^JJ JUI »L«tfl ^ v 20 jl JJ ^JUV 20 £y* 

Lm5 jl OvvU L*Ij lij^L ^u LJ;I LijLi>l u 1.13- Leb- aJL> /uiJb ci* 
Jj_>^| J^jS Lf^i jjl" jJjl uWl SJUll si* jli Jj *»j . i+^it id^ 4)**' < 

, J jil iijJjiii ^l*j ji I j";-»i Lfj IjLj J£Jl 

jjjjj " : -< ji -LiJi J joJI luf tlL ^yli Uj^m ? Bjlai 11 av i>j CU 

JU4 Jj_XjJI i_^< " jj£ Lf' ^ ( ^J . f jLuU i^jli JJJ^I V J»j*lf f^l 1 li* 

JlilL i-A^jll iLykll JJ*U j£*j lL [ J oLj^Jj ; aJWI gi* ^ iji* ^jUsill 
i-iji &£}) t y kg.m/s ^m^>JI 0-* <J-£ iljr*Si U*S jIjJ* ji Jl*^ , ^6-fi 
iJLJi 4&LI J*Wl a»i jiblL lu . y-^J V^j to-^J 1 ^ <&}* 4H 1 
JjJl 3J lift &IS lil Lf J*Uu J j*JI Ui Jj juij . *J»j**j j^l tui J j^ 

Lib. ^j iijs L^JJG JJ^JI jJ ^jJl Js^Jl jl ^UjI J#JI j» 

L i^LsiU { jLJJl ) JJUJI ±* *->&* J+^j jjl>-*JI J*i jl jj »iiJ . il«f i^L> 
^j r _-f 11 ^SJ LjitS L-^jjj L^ji dbJI jl5 IJ| . .jLajJl <£ oa»^ Jill yj^ 1 

^' iL U^LOJI Jjy jLnjjJl iLdj jl j£jjj IjU . » J Lull Aim ^ jli-o^i! O^ 

■ 

jl ^L_yj . HUJl oii j liii i>d*lj 4jL»I JLi J titlll Lu£ »iL juliJ UX 

. ijLjjl'l J-jU iji-y Jij jl ■_*>,! Lflji IjJL? JjLj i^LuJI Jj-* > LliJJ - ^j-Vj Lui 
jlj DJ_>lj CA>_ji l£j>Ji j 1 tJt>J U#JLJ W4 jll IaaOI J3 j^Lj-xiJl jl ill* ^ilj 
jL) \'jL0 jJAWJtJJ ^U h upJl 5Xj— Jl ifi ti lil J , &UJ^I i^iJ ^ U»l3#jrf jjiu 
. ■iijSjil Um£ »Uj j^lJ L-iHaJL; L*5 I^L? jj£j jl jl»J ^ ^jLull J*J J^l <^ 
&I4J jliSjJy La* jIajuLi Ow U+lli iJLJl tii ^ jj*-^*JI f-jLu il* t jij 

LIUJi aii ji j-jLhIH jjt^i ^j> ^jOj jii; j^# JJiJ 4*>juj . iS^Jl j^ 
oL Sj^j jJ 5jj_iii< i_i_jj»Jl LlUs j-i jj£i\ fr^Jl ^fJ^ A^*- ■ pjLail *QjI 

, dwi <aW ^ij> 

vUjj ii -k»Ji ilj*^Jl '^ 'iif j^ LiU ii/ mJiyt G-6 JUl ^ j^jJI JJfll 
Lil^i JUa j^ Uijiij J_fej jl Lijjj-^JI Cm ijJ Ujl^j i5_^Jl 4JILJ , 5JLUI 
LJSII iiyJI UlL JJaJ i^v tfj*JI olb L^ll Jyyu jl j5* «LUl j+ aj^ii' 
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J 



( jkJOl JpoJI L*5 ) ^jUI j^Jl 



,j-U Lwb jJaw ^^-LXJI J^i Lj4 ^ jlj |j_kj . jj>| djj J| Jpi 



: 6-2 Jii* 

10.0 m/a ojji JiA*, i^*b 3.00 x 10*jfcg lf±£ U*Li .jU Ji*. 6-7 J&Jl 
LiU , 2G.G m/fl lajlib if^ jLill aL^SlI ji iij*Z 12(1(1 kg lp& ijU- m 

J djyll Ijji ^J JjLJjJl flfeJI j^ ^ : Ji)* 

^j iijL-Jlj ^^i (/a iijUUl ijyJf JL»J |^£w &U! liiLJJ lLJ» ; LU-^I 
jjL— Jl LLpi** jjLj *_jkj . oLailJ L*^ BjJyJi jjjJJ LwjJL &»U)lj j^^kJi 

V .jUdl ^b ^LL jilt ijull y U ; J\y> 

. J»>JJ «* 'iul IJUb JIj £1 iujiA* 

C p ' L,:L * (3,60 x 1 J kgX+10.0 m/s) - +3.00 x 10 s kgWs 
(Pi )„ r * (L20x 10' kgX-25.0 m/s) - -3.00 x 10* kgm/s 
^ -0,300 xlO^kgrn/e 

(F ; ) w = +2.70 X 10* k^ju/a 







fJUaJH^O) 




?n-'— 



^UhTJI_LiJ(i_,) 
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( jlwJ! dJj*aII iui ) ^jU! J^ill 



(P / ^ = 13.00 m 10* kg + 12.0 x 103 tg) v , = (yjj M 10 J kg)v f 

(3.12 x M*kgfy = +2.70 x 10» kgm/K : U»yi 

: Jb J^ ^ Jl iiJJl^ U^Ul <JjU1| J>j , ^iiLL^ij JjJi 

v.. = p 1 — = iS.6d hi /a 

3. 12x10' kg 

U*!ojvJ i v> ^ » k>Ulj JjUJl &j Lii jjj . ^jUl jl ,lk>j! J^ ,jl J| 
AP W = +4,04 x 10* ks m/s, 2^ a -4.04 x 10+ kg m/e 



J&JJ ) , IjiLi* ItfLjj .j^l iy ^iJ ij^Jl 4*J^L i^ 16-fj JUJI JI4J 

dj ail ji^4 P >on jl! *Jt j < h^fcd J| iy±*>l\ ^Jj- 1 ^ ^ LjL>y[ jyj iJjjitl *j^Jl fjLj JjjLJI jL^ill ^* L^lLil 

y^-J jto * 01- ate J j,Y , ^ v ^ ( ^ u 1, ^ m t ., yjj M ^|j ,jjj w , 

, ^hj-Ji jijiji 4*1^ i*ji s i*Ujfl 





(') 
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i 



{ jiuUl Jj*jJI ip£ ) u*jUI >iJ! 



.^st^.jy.i?,..!- 

, jyJI jj Jjax* 4JI ,> JsjfL 3j[j*j ULtbJ Ji»j *1>Ijj l^UijJIj jJniJ* ; *jWfl 
ij*]| ^ l^ifi' ^'i jjylfjl JjfiS'Jl i*jii ijJjlII jyJ! ty£j ^j-Ji j%\ *L*J j.' 

ij jj_i xLhiJ^I jl j-i <jS JL; , JjjJl dpuJI ■Uji 'lib jplj lift jftjj ! 4jL^)i 

U\h %ta lib tyfl gi v^ jkiJI Jj»sll 3*4 -ii itt • ^j» Sit jli Ji 

■ '^^ jy ^ jl* yy fJ 

? JjiHl #&| J^ ^Uiill Jj*J ii*S 4*J L : Jlj* 

. /,j£* HU Jt ^.Ui. ^o-JI $ . jLa : ijb-) 1 ! 

? Jajjl J^^jJi LuS' t& jjl'j j^kU i^w J-^ i!jU ijl Ji : Jlju 

; $j j^j djajj yp&Tll jji Jikll d^l ^y^S pljU*sr : AjL>)'I 
Mv tf + mv v hi 

Lttf lijlj Ui' . L,L)jil Kj* it$$! jUi jJjSjSI aUol ji $0 tyUl M* 

j-t 7 g l$ik£ IjLpjI Lfj^il jir 2 kg .j'l"^' Ii3aL jbj.| isj_> jjjli L : jj^j 
, L75 m/s : LLj-VI . \ ; 500 1W5* L*jlj^ i*^ i*yJl 



&jll jj^fcjll^UjLdlfr^ 



iijlt iiljui iiiJ .J ( ,-Ai Jl ^4— jj . ^hjL— JI tfj-U ^ JflJ* tii; »iiJI y^ll 
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< jWI dy^il haS } ^jUJI J-ili 







<*) 



(I 






6-4JO* 



30 cmJs Ui U^- CfrJl Jj ii^J3 40 g t+J^ t> f jL* 6-9 Jiill Jl* 
£,LJ IjI , 80 g LfjL5 WU ^jj-i s^i £J ( |J% ) to«* L*jU»; UjU^j 



V M -0 



V'i,-=30cui/s 



— ^B 



fU C<JUi t -/ J ' ■■■■* f A-3 (jli I J| 
jjj O-^JjSH ^ J- ^ ^ " ^JJ^ 1 






(PJ. -»^ = (0,040 kg)(0,30 ni/n) = 0.012 kg m/s 
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{ JlaiJA JJj»3jl liaS ) ^ijU\ ^ 



(P^- *Mkg)v v + (0.080 kg) ^ 

^ &$ J>JI j-* u^ 1 ^ U*i laS $ ^3* illfi flu If U*| ; i^ 
. jLJi J[ iiy ji &*^l J! *£j*tt J >&*j tW*n £ ^ 1 jjili JJ luJLj 

, jLJl J! tfl i jUUI iLa^I jJ 41^*5 1 i^fll jl ^ |j* $ yL o^ 
Ui p ; l-ju*^ oUJlU Ujl^l ^^Jl ii^ t &\ ^J*i Jj^ U ij->" 

0.0 12 kj; tti/h - [0.040 kg}( v^ - 2% .) 

±(0.40 kgXQ.30 m/sf + = 1 (0.040 kgXvJ 2 + J (0.080 3«) (%) J 
i 2 2 

> 

j}.!MGaAfe*a ^4+»Jr 

v^ =0.30-2v^ 



uj. =0.090 1.^„+4lj,; 



■>i 



2 



: Kj*3i 4jQ> iJjljt* y 4jj£J1 si* ^ i>ij*U ^1* 



2 uj f + (0.000 -1.2^+4^) =0,090 
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£jwLa j* i Lwu I juj i uf i 



( jWi jj^ji 0*5 ) ^jui ya\ 



H* u v*« 



jlfi J-»*J JjJ>Jl ^Mt^MJIJ 



l* 5 ^ y^yuJL; . (.'„ = 0.20 m/l jD„ s Li jf&> L_f Iuuj^]! U 4 1*1 I sii 

: ji j^O J^JJI 4j*5 -tabu ji jijLyiJI 



i?^- -1,10 m/s 



t^ = UU m/s 



j-» j*!* 1 ijSJI ^1 ^(ttya 0.30 m/s , ly = ) i^l^l ^ J^l gjJI 

,.yL!u 4-&}$ Uy?bj CA" J-> !J_S , &'LJl 2 Sill iijiij ji*Jl J] 45" jJ^ 

j uJL-^ 2 ijjtfl l*i 010 m/s UjIjL u^ JL+Jl J] d^ .jLoJl jjy JiiJi 

. 0.20 m/s L»jjJ i*-^ ^J J tfjjJl ji 
LJ ^J ^i» LiLjJi #&t*ll L^i LU ^1 iliiSl ^ I^SS JjfcB J^ 

4_>U*J JiLjjiJl i_j-)^ll L»*IjJlj mJU j! Jlj_> J I DA* J '.'ij.a.j.1 , JLjj^il Juu 

UjLu Lf i> j_>i ^ jj i )U*j . JjjAj jiL^ ,jj*» i+J jjJi jyUJI jU^JJ 
' i^^j^ ij-*** *•* Ww s^l— J' ij^I (j' »^^l 6* uji f = <(Jst»JJl J ij> J 

I -i I j if .j 




£** > (-*): 6-10 J&A 



: 6-SJLi* 

^ jki 2.00kg aM ^&* SyJi ^ y$lu j** bj«j I0 f? W^ ^k) **^ 

L-sLr^Jl 3*,* j|j3i U . j&lll j^jll jj3 30 cm ojj3 s^UL-jl Jl LaUjl; ^ttlU 

. ( ^^Jf Jjjjjl ji^y jLfiJl (i> ) f *jlrfj|l Jj 

i ^.iu; j jv i :,.,i 

? JSjil 11ft j5 ^ja>j iiyJi OIL > : Jtjj 
,ji sLUj kJUlj LjLs^I jUwJl jS' iUiy>j jjj- L^jS JUII ^Sv ; ^jL>VI 

, j ui jjf » J LtuJ I 

\ ^jLvj J_^*jJl UiS" Jj ; J\'y 

J, li'll ^i ~j»Ul ij^i , LmIj i^jii^ JyMfl <j+£j Hjjjm »ltlll gli' lil : SuLa-Vl 
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J 



( ^1 4>Sfl J&i ) ^jUI J*aSI 



j^Li lu^Jf J liJij tji* Jjj^il i^JLhJI ,J_ji jy*-j o^»J ijjl* ^jj** j^ f l**" 

itf s^JLaJI Utfj m L^JI Htf ^i ^j^J Cjtf VLA\ djj J^J : ty*)' 

mv u tO-(m + Af)V 

U\L Jtpgj t UbJI B i* ^ ff M , - j ATE = d^ < ulUlj Jiiii igkll 

. jUl <*J ^ GPE Jl 5y>U* ^ jLsJl j*j 1JI2II t*^ j5JI <Sj>Ji 

f dUJlj JaJJ o^ ,> L^U J^J j*I SJjUi U : Jl)- 



1 



(m+M)V^(m + M)gh 



Wl\ 



= (2.oootoniokgX2.4kg) M90iuyB 

11 0.010 kg 






- ^-^ gf j yiuuJj ? 16-11 J^tJij 0#* j* US jLb ji^iy i^J^ ^jkiJ iJliLu^l 

ISi^ liLaj ^LiJI jip j^U ij-rf *!j£u-4j , fl *->s-J1 ^ *>^ 6'j 1 
-221- 



{ ^1 JpJI Aji£ ) jjjLJI JdiJI 



JJ 



■ k 



^luL^ 



6-11 JU 
6* *->( t ) 







I = vi- 



lli v 



Pa = + fflV 



P ,- = - fflT 



p=p r p^4i 

I") 




!>» 






JjLrtJ ( |JJ_M [^Jj JH» jlijJl jit G^Jjll SjjUl kvji* jlj aj <>j . ol^Jjl 

( Jl ,j|_uil| j Jj»£]l iuai' j jdi k 'tyJu ;>jH IJi i EjLJl iiiLiLolll 

* U* * Ijjjll *Lr » JL« Ls : Jlj**r 

uSj> 3J1L j Li ( -iiju-jj^i l_bli Dj^IL 11l! LLy ^L 41I2' ^ ) bj4^ 

l>j ! Ui»j oLjj«i*J! i£y. lilt Jb Llill iiyJl SJUs ji J]j Juu . jjLaJl jjL; 

■_" l^-H JI *J-y j' i-J ^ H-JJi t) LijI^Li 4£ j u j'-iuiJI M-**»'l ujJli Lciiid jj 

M**Jl *5j> CU? j' jl*J iUij i 4+*^ Jd^ ^*S i£E jl jSJ3 . \r-jJl\ jvJU; 

, ijUiiJl JoJ h .-£-iJU ^ Jiw »jLfljJI J*; 

11 jjLuJI iJUi *^*> (J? 6y*i *&£ J jjtiffl IljJ Li i jil ■ Jlju 

aiuj +mv t j Lu]l JJ m^> |jj[ dj>J Lu£ ji t_.6— 11 JUJ1 jj yvjlj : <U^Vl 

; jjL ( 4^pow <Lu5 til _iij ) J^' lui' i jjajJI . Jji> 5 , -mv >jLaIJI 

■ 

-Si . tuu!l lla jUwI l ^iL +ji J 1*111 L*£ mm! ^ull iii'l tl*Jl ^,1 .ii/ii* j^il 
^jJLc SjJ^Jl Jjill tL»jl u ^ij : ip «L*jl jj^ slUijj i >_JL ip HUJi &i_e 

■ w*** 1 ^ ^ j 1 -^ 1 J* fi^ 1 ^ y\i J^ ^ j>^j s jW Ji i f^^-^ J! 

L^jy, S^Mf ^J i Jr >^\ oU_^Jl J^ j U £*k (fi-11 JiiJl > : Ll>Vl 
. AL = Ay^ yt JjljkjSl ijjs p^** . t ^v [ i J^ ili»JI j" (tjLaw Oy i = of 

iV = nAL = nAot 

, Hit = riAr, 1 ujl; ijJISJI i cj'jjLaiJi jj^ jjjj t^j 
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{ jfeiJI djsdl i** ) lhjLJI >ill 



jLxJIJ* I 1 



i^..^ f 




jiill ijiiJ Jj/ 



: CP) JmjJ^ i>Ldl Si>jl ijif! Jsjai 
P * £ = 2m<0» = 4(KE)n 

j -ni'l J l j_hj Lai J*jLi 1) Oj-»i Iji , i> : J' .y-^'l i£j» iiliJ KE liu* 



jjijjl »JjJtfl +ujl jusJI 6-5 




jl II J 1 L—J 4jyJ> o^_*l UljJl ol$j*Jlj ^Jjlj^Jl jl Jilii Li j« tijJL 

6-12 JiiJU />[jul5 J& jOj .Uiu jS^I J J^ . IjUs L$J*e 'j^m ***j jIS jjjjj 
y^all jliJl *JjJu iUhJI li* ^j , oJi J^lll I14S >& j^S jikL Jutf -j^j 
JjjJ 3_ui' aLfJl fljjjjg . Jj_x*IJ j-ii>Ji tj^J' 0* ^^ "^j-^ *^ ^^ <j 
i^l jlj •: >w J^fj *UU ^ti^fl dj*j]l L4 jl ii«»j . Jlkll Ji jlfcjll 
jjL^i JjjJ Lf*Sj ^US'I iU; j1 ^i ( Ujj iji ) |#l Ej*3j L?' ^ ^W f J 
, &L*jTll ^ UjUjj jIjaII ^ pi»JI jl^jJl JjjJ 4^*5 
Sjjju ujJuit j_j-JjJf j,/^ 4jjjj»JI yiiili otij^+llj *jjj'j*ll fjjil J^ ^} 

j.ijLJl jli 1 iilkill LoLa Jl Ii'.> iIajI L ,i&; j i! J LjjjJI ji Lais , iJL> 
c^% £,1 iy>j . jlkiil jU* i£j>J ^UII ^Vl j3 Ciji iUj3 <5UUI S^lkJlj 

juUl \iA> |j^j , ^L- 1 ' utLsJl J] i**jLM ^jii^ ■*'j\ l iiiUll LjUJI o ! d,LJ^JI 
^>Ij jJ iL!i*J ^LJjSJI gbU . ^USII Jl d& j^jLJl LdL t J^f jl* 
gy>l\ ii^sJlj "*1>LJ1 iljUJI i>j JjL^lil JjaU IjkCu vijJj II iLLJl 
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( JaJ\ dj*#JI W ) &jU\ >ill 



: 6-7 Jii* 
LjjT LJ^I »j* oilS IJj . (J-JJ JLUJ JLJI o^*i!l J ij^ill iJ^i J] £»_,! 

. pj>Ij it^t J^L>. 

\ ajjt jb.i,")l (J yu,^j jj'-l Lt ; JiLi 
<^jUJ( Jiiftll jj^y oa! viju^JI 3j^jL( r lL> 4jiIIsu* oLjLisJl ?jLuj ; 4jI>jI 

wjj i"ji *,-* fj Lflj ji oL-dL<^JI j.'i jJIjJi jj«J juUJ ILL} . jjijLJI jbviji ^ 

V oLsLtJf tfjHj ejSJl « J> ^ 4J}Wl U ; Jlj-i 

(>jJI j *jjd*^ ^LsLsjJI it jjjjJl ijiil k.^U ji 6-4 LIjUJI ^jjj ; <U^H 

f <Jll> fljill Ji^y* ii-jj ijill ,>jll U ; J^ 

■_■ ■■<■ j^"/ lii JjLi*j 1 h »* i <jLll «j4f ILL t wu'LJl ty)JI : 4jI>^ 

. (O.nOT kg&SQQ ms) s 3,5 kj; iii/h Ltjjl il jO L«£ ij-iiJl o- LjLjj J_£ 

. 35 kg ui/e jjLj. IoU J5 j* ^jL»Ljj)i Jj*3 W ^ J$1 y£l! jl ^ fi* 

i 

7.9ib J f n ¥hmu m mB!i mm 

J f Is 

. jIj^I abJl J luill &J+J LjLu "uiiJi it ijJLil :^L"I i^iL jj&j 

^_SJj i Lil li^J LlL Ja^ UliJlj iAjyUII olfjaJI <$ LoJi jf J liSj 

tjjjiil oLjLsj)! ^j ^Jj IJlj* LJti &\fij*j jliijl ^j* j^ il£ jJl sis 

juLji 5J^uJI oljUtl U«U* iJjj dJi jit ^ , C^J ,>tii( Jjj^ iiiiilll 

Lijjj *r j u jlLL Jiilll iii . Ai Ojjj j*j i iiW Bjjl jJji J>*j jlKU J~ai) 

^Uw J£ij L^'Jj ijy* jj ^ISJI ^i ^*i l,[£ lii£*y , V K ^Wl ^j~* 

: iLli ii^uJI Mil Jjm ^ L^ JijJi IV 



Ap A(M V ) iitf 
u»i*i ij A/ Af H 
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(jt*Jl'iJj»afl^*i) l ^UIj i «J| 



. P = mv ; JjJI <«S" Ji 



J^j ^ L;[iJ! jjUJl i*^e JUi a*J| pi ^ 




fi-3 j*j*j! JLu 
jjii Jx*^ i^, ^ ^LJI jLJi Centaur rocket ^13 h,U Jii 
i S0 f 000 m/s Ujfj« Uj^ ^jUI JjS jUJl o^ ^tf Ijij , 1300 kgfc 

i lHJJ^ fjjNl 3jJt| J'SH ,»iJl jIjL U 

j.Li oJU L^jliLii j,Uf i^\ J jjuji ^ ^a y, . ^ j^jj_| 



■\W 



' thrust 



Kllij 



■4fij* 






- 65 x 10 s N 



V =(13OOtg/s)C50,OQ0m/s) 



> 


** 


v 7 ^VF' 

• 




• •- 


*'>;> 


2 





jw tMj i Uu j^yi jij3*i jj^ ^ ^ ^yjjji ^^ ^ ^ 

Cm ^j>i Jpjll jl/^l jljjt-l ^j . 'l[u J^J| ^IjU t^LJ JL ^Ji 0i ij 

lli . gull o^ r> ^L ^.yi ^ ^ J y L^j J, . fcifU ^Ul y^ ja 

. ^li jj iltf JLt jjj3 ifl Jli. 

jLju! 4j^j ^J« J £j*3\ ^#5 du 6-fi 



P 4_^il J*Uj 6-13 Jiill ^j . ^UJl iL;ii*^i *l& jL^f ^ j^Uij 
1^4 "Sjjm r ^uJl 6 IS lik . Jlili J^ Jf -i t y . x aUL^I ^ Oi^i Jl 

: G-u jts i^j [ji^i ua yui j cv^j'*» ua^ j^ iiiJi j^ji l^ .ll J 

. oiuji 



>' k > jlj I SjJiUi jbi'i'l ,jv * j_fA*L' wuj-jil dL^'jI j p LOjL i*_^ 
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( JaiJI Jj^Ji Z&$ ) ^jUI Jj*I1 



jJtftl jjJ 37^ Uji Lylj ,*!* *i>j! ji fy, UjiaL tej*f Jj>j J MI'S <M 

. itf/6 Ljll^j illUl i*Li!l Ic^ ^c 







■ ^U - ja JV.i'l.„t 
y_!±iuJI lilj -ULJL sin Ji , lt*i>j LuiZ \'i U;yu "tl/jll \l kiu> ; KjL>^I 

: ;;ji t iHlLJi ^nLul jlp_jj 'Joi' jj La v l v a ,;J ^jilJ ; 'Lb- VI 



6 



P, ~ V V , + ~^ V n + J T'2v. ) ™ ST 5 



P^f^ +|-Hrin37« 



f Li iJL*jJl OaS t& ^ij ^ Li^U Jya*j jUDl jLJjUH Li L ; Jlj«* 
1 i ■ 

Oi-^y i jjjL* j> ^-* u^ ^ ***iS ^U^Sl JoaJl iu^ |)l Cy> . ^L»Vl 



: Jw WUll n'i* , o^ii ,J M ,j| ki"J 



V, 2(0.8} v 
_JL + 1 

2 3 



6 f 3 fl 






: y L^JJ iptfLj 



iLj, 



v Ujf^Jl bj-Jl jljAflj -y j -x l^Lv)'"s'I jJ £#3^11 jl LJLJl ijL- 1 )'! iJj^J 



u = [{6.2)2 + (2..4FF lt. = 6.6G t/„ 
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j 



( J»JI JjjOJI iui' ) ^jUl jrtll 



V"o'"5 m/s 



1 ijfli 



: jh l£ Ljl^JU *2BJ] 5Ja*ll ^ skj! J^j 



2^ 

(2m '^ ) 







^&. 



pjfll 



B- 



o 



2 bill 



* ^Uwl iu2 ijUI ijij IjU , ^jUlJi 



;64 JtU 

jjJJl ^j S^JDI o^t l^jLj . ;■) iii/k Lpjjw* m IfiM 16-18 JSJl J 1 5jS3| 
»U^ j-s 2 mk Lijlj^ U^ 1 3_^l o5^ pjLuJl jjui . 2 m ^Jlij 2 &Ul 
, u6-15 JiilL, iw-^Li' ^i i^L^s ji L^Jb SO* Ujj3 tyj ^ 

f M IJ*J ojlll uJJi Uj , KE J jaj JLi* ali Ijjj 
? Jj^oi J^i i ^jLoJI j»i >Lm $, J lij : Jly 

3 iJj i j^l l_jjL, >b i jj^ lj^ . dLJj jj_f l _[j: jjiiii JLt ^ jj£ ,jLsj 

, Upi iJsjLvj i5j*jl Oik (ji \^yA\ l -' A '-,; 

? jUWI pU^Ji jjii, y i ^ r ; Jl^ 

■ 6U?i* 1W 1 JJ ^^(j ji*' J! s^' 1 c? 1 ;«** ^ 



P lv = j?i<y m/s) sin 50 c 



P^-'fflmhr, 



P^ -m(2m/K)™50 5 
P 2t = (2 fM)v fa 
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( JdJI JpoJI L*S ) jjjUI Jjiil 



m(5 m/s) ■= mi'2 m/s.) cos GO" + (2m)v E 



= m(2 m/e) Bin 50° + (2m) v. 



y jjtgill jij 





■ 0^- 


)UII J haLaJ jh 




IAiUaIIjJtJi 






m/s){0.766) 
2 


0.766 m/n 










: tfi'jBii.-x flt^>Tll -UjU* j*j 


V* 


ft m/n- 


-ftm/*X0iM31] 




= +1.86 m/s 





; ; oir 2 i^ul t^w ,kji* jli -ulfii 



If, t If 0.766) y + n.SS.^J 1 ^ m/s = 2.01 m/s 



JtiJLS jc j^vJU ui>j^ll bI^jOU ijuuJL 9 i$'J\ ly&ty JjjuS v 2 5L5O1 Ul 
fl, tan" 1 fcfflM- -22.4' 



-1 (_om 
I 1,86 



(KB), «4 m (5 m/s)* 4m (25 m/s)* : ^£1 

(KEl = -f2m)(2.m m/H)2 + X«.(8 ih/h^ - l tt (111 BtV#) 

'2 2 2 

^^«i)l jdiJI v^* LI J !JJ ^J ■ A(KE) vL> vi lUI jlS IJJ ^ : VV^ 



(KE),-(KE). 



l.KE) 






jji ic^ttiJI jwI ji *N** ejjjaJI jtjJUlj ud^uJL tkAJiLUIij ^W' 



2 _ 12.9 



•m(2fl) 



£G 



0.616 
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i 



( J lAllJ^ij*5)y*)L)IJ t flil1 



j)ri Lili) ^j 51,6 UjJJ 4ju«j J^vJu <io» i £y* _^ tjLsdl jl jj[ yft* lift 



jJjSIJ iLyj* uLl> J] ILLaSl iS^aJl oUs 



toji £j* tij>i v«i e-7 




i^^j-il lJjIj* ^-J US t JjXill *m$ jj tali Ijjj i'JsJJl SJtiS j5j* j^ju yjJj 

^ik» Liiij t k*j iJjUll jiL^Vi 5JL> ^j l^L iMfl j£j^ GuttJ dj , 3^ 
; ^uJjUJ'j sLkiil li* Uj5 j5jl j j y cjI^I j>)'l jj^ 



X 



m,Jt, +m„.x ll + +m ir j,, 

11 ¥ H If A 

Hi, +/)],, +»■ n.4ffl ,, 

1 J 'V 



11 2 2 A A 



(6-6) 



y = 



uW^ii it j u. u i^jiii js^ Vijmj 



m, +m^+ +m v 



<W) 



Jlf 



U.1 



<? 



cm, 



.M 



HI 






[*±£-D,l)mm, 






; 6-4 j>±&yi Jut 

U+jjj 4JLJ1 jl jj_Uf , jjaJIj jjjS^ ^ jtlil |.U*UI cb5 jJj,* ju-ij* J>y 
. m. E ^Ji\ *1£ ft, ,0123 iSjLj w M j*Jl *tf y Ij 240,000 mi 

Ji^JL l j i _ij Ijji i j = 240,000 mi iif j*aJI ,hjL- j^ ^c = jJ^ /& <ji>jY< 

X JJ m t b 

" a - m u +m l 



{0.0123)™,, (240,000 mi)+m_(0) 



1.0123m 



p 



-22!J 



<0.Q12a)(240 > 0O<r^l " 

1.0123 



2930 jjii 



tjj jtj i L^ 4000 mi u&jii jiai ij-ii ^i i_ji*j , jijSi ;5^* ^ L\h 

■ ! jjj'il T^k- C4*J J^lj j^i JUy 1* J«J >tLjuJI 

L*^xt jjAjj lju 4ll£JI "Js >a kijLj|j>j jls i^jju f\£u , J LfjL^lu Ji£i| oof Ijlq 

; Jlilli 6-7 j K-6 ^jjJjL*1I JjiiiiL oij^yyjl pjn ^lj£ Uiiiij . jJU l^ul 

m Ax +n? a Ax 3 + +7"^ As 

Axi -' ■ — ■ — 

m M 

: iiiiJi _)£ja u-«i jajSjI 

m, v, + m„ v, + +m„. v, r 

Jf Vra. ~~ jy 



<*, >c* 



tot 



m. V. +m„ v n + +m.. v.. 



M 



i,,-, 



j (P tol ) T fUi^] ijill Jj_*jJI 4^dJ j 1 ,y ^jjjijll Jj_^j ^ ■;" J_i«j i 
5_«S LjiiiJ LLi iijjl, Jj J*^ Jw M tnt jj jjjlsdl ^3 yjiy . (P 



■.nt'i 



BW-H^Vul 






: 6-5 j^iy Jljj 

, tjjuj .jLailf J^ 6-15 J_£iJl ^j lwJjSI lX jjill jtUaiJl SliS jSji JLPj^ ujJ-I 

: i^jiUj UjSJi £jt Jj»j Ltf" J ojji 



! ^,™ ),n = ^ = 1-C7 n^s 
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1 



( JhJI Jjj^JI liiS ) ^jUI J-aiJl 









ijLdil' lyi 


<v, m .h f 


mVl m/3.)(cos50 [} ) + 2m (1.86 m/a) 
3m 








= 1,67 m/a 








w,J 7 f= 


m (2 m/a) (sin 

. +l.G3m/s- 
3m 


60°) + 2m(-0.766m/H) 
1,53 m /a * 










, ijjiJl Jij U»i jjL* J 


.jLsjJI 


J J 






: *OyJt> jjaj *^>j 


6-8 



jj*^ LlLiL*JI iij__^H 4jjii oLijLaiJl ^ iSyfcJl liUsj JJj^jJI L*£ tlL ^li 

4_>j jJbi U*j •; ijjjjJl *l/uiJl ^S ^IjuJl yjj* j^klJ yJlli yVl ^Ijj Jj_j 

L^LijLdlJi i_uLi^ 1$32 «lf j ji J^ill j_j jLr^L> Jjl h-l> (jLiji'l .uiadl 

. 1923 iIf J obj|j*iJVlj *_jjJI jjj '"'jfj-r^l ijLtL 4+wJl 

o'jj |jj LJU jljLii 3jJl3 lJj *L*Jil liU^I *,Jj$ jtflj J&tfl 1930 *W ^3 
ji ,olyU . ,jj_jul j^jLv <llJ J j-v pLjLSil IIj oyjJ* j_;jj>v" jj jiw." jj Jjl 

iwllw-m> L^—jj jyibj **JjJsJ SAfJ tjjill oL*A^>Jl -UP J yj J^*^ p ^JjLtg 

jju L_JpJI ^liw .jLuJI JjJ <5j>JI Oil? pljL^t ji*j . o^l jjb oUj'jOJI 
j^ SUUrtJ LfJi J^^uiJl jJ«e* >jLju1I wLjv ^jJt lulill ifjUll U . ijLJi 



Jainns Clhadwick . t , Walltr BvLlit " 
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( jki-Jl Jj*Ot! 4-4 ) ^jLJI J^JI 



. 1.67 x 10 S7 kg ijj^«ill ilJkS jl o*j ii^iJl sijjj , j<y?w*Jl J I \ J^**ll 

. oLijjiiJ^I SWj i^uJI i*ail SjUuJ 
■i-i-^y jjjLt *j_jjl ,jl H_j JilJU LiLJl cLulj^l iiJuiJI j— i£ uLJl j jJi 4JjI 

4_L j oL»JU JaJaJl dJulj C/U*J( jjjvuJ vwJl ji LmUuu ,»j-nJ Jl ^ i' ii...! 

Lu^aJl iL*^ .v LiLbtji Ljil) ji'Ui 1903 jLp J JL>vj' ^t^j*" <J* ' ,/■"*" 

. jj*3 Lai j ulb Ja*j" 

_iJlj ; ^jjjl ijjjjl Ljtju ^_s cmjjs-I jlJl v'jL*^" tj» r^ j}* >^J J"j 
Lr i'— -I , fif lAjj-**; jiij J . LjjJi .oL^*Jlj p-j^JI j# oikU Jj'Lp l+jj ij*^ 

1/teJl Ji5 ( U~*iJl L^liJI J*P Ij44 y Ljj-mj«£JI 3_j*LtJt ) . \hfaj&\ 

Lj'jLiJlj J_uJ Jj[ -;»!' ^L_iL»j "i-iSl^uii'l ,_>ijyu5l ^'jn _j if.l>JL-i]l 

Lsjijjrfii |j£w J jbyUsJi jLfU , yUll iiLkli *ilj liLjjiu^i Lj_ifj*ir Liij_Jl 

j)Aj jl — L^y U-LJJl '^Lj , j . ^ J' jj j'-J-rf y-P JjL^ 'tAJ' jl ij^v^ 1 3, 
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J 



( jL>I\ JpJI <Uji ) l^jUI J^wJI 



<i/VW-# 



1 



i*j-»j Jj^ ijlj 4JJ&JI <^JLB j)£ fil y*J. U^ 1 ^lj ■ *i^ ^Mj* LH^JP *^ 
JjJJl w L& vwLw &] ^H L^pJ 4*£j L^jQj i[j dJJj jl* cj^utj i >yJl 
jJwjj 4_jV ^L> **£ Lljji j^l JjdVl lift fi!5 jSj , Jl*3 ^jJi *^ ^1 

. <U>« OrfU iAi*LijJl i^U* t^-dT 1-L±L> ti^Aj 'jiirf 

iljJS Uyi oUjLa; jj oljjjii^ JU jllw^ ( ^ "**ii Sjjj ji i ^l 

eUijgftfl jj Ji^ l+JU 1^L_J1 plij^l S&JI U^Q v^ ^ ■ J->jW ! 

. oLiUaJI u* j>I 6-17 JSJJI JJUg 4 L^j* Wj L^JIL fi, 0*; 

^jH Jj_W jj jjl^jf ^jJy J^ Jj-*iJl S-^'j «UJl j> tj*i*ll lift $ 
j_jjlwji ■ ^iLJ 1 ii^l ^^ j^/l ^jJ="L) oJ^LilL ijlkLil UijJl Ui^ 
J^f fi* 0$H 6-17 J^V ;W ^P J* 4^" ^J ^' '^ tJ'^ 
^jfj Jirf jaws; cii j^_j ajj . ^^1 J j— 1*J I jJ j*till E J-*— ' ^^ jtittl 

^liHjS -Jill £l ji'iJlj jJJJ^II ;>* . " * fjLiiJJ 4^iJJ 4jJj*JI 4**^ I fljlkLiI 



I' 

/ 



t 



V 



urn 



(v) 

£Ui«J £L13j fij>J> ^.W ^t*^ 






JajJI JUai 



: ^ ijjLi ^ ^1 i_t^« J^aiJ* IJa ^i^^Ji ij fill 

( J) . g Jl j^-i Jili. jjil ^Udl (,»')« Jj^il fUSuJl (-^) k jjrf £wj ( jkiJ! JjiJS W { 1 } lJj/; - 1 

. Jyuil <4*£ <J^ ^UJl yjj^ uyk ^ ll^> 2 



Arthur H. Compton « 

a L^bSSlj ijUsi-JI W^' ^^ V j^ 1 ^' iJ*^ ^^ f 1 ' li 111 -^ 1 ^ j 3 ' L 

Ljuij LklJI fLSj jjjjli jjitij . G-17 JiJL ,^_ij _i* LJ ^JU'1 ^ '^ i^^ 

. f J - coe a) ^ y-LL 5I ^^ Jy - X, ^jli JjUi jJ j^MJI jL J^ll ^.l Jj*J' 
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( Lf L0Jl JpuJI Ltf ) ^jUI J**l 



, oLjLJI '^J'j- j IJyJl oil/ oLi .jjtl y^JI yl*«?l jji . 3 
jijjj'j) ^U jk Jaw Jjl jjALiil Sjf>^*l ^ Ujjij oUlli ^IS^vJIj ioJi^aH J*e Li* r _pi_ 9 

. illil j^j* u^_ij JjiJl ■> t'JaJ 'ihS 'Sy u^ l_'1_u. . 10 

. *U*j Usi j5_^ ilj*J 4^*i jJc dj^Jji \&S »Uy jjjli j&ki _ 11 

. asill jU$U fc*JI eiij J1UI J il^dl k*£ #f (jy$ jgta. 12 



jA>JU 



. 1 kjf . mfc ^ SI r O jj ^U^'l oj>j)I 

; j* V tfftjwj fit OliS ^j*J* |lu**J p Ja*l\ JjjJl Ui£ 
p - mv (6-1) 

; DftLJlj iJjjy OijUI jtii jli J DjjJ j>jj u^i ^ F "u^i jji JLe jjl lj[ 
*Wll = f t 

. ^uU Jlill <i'j*Jl ^ulU Jj-iLj l^fjl lift 

ijj lit y«^ , 4i'_pJJ niJIill ^l*JJ SjiL, i*jjj al» . tlli ^IjL tSjLd JjJju *LtU LJ£]I JsjJl JjaJI L*i 

. dihJi '3*Jl j^ iJjlilb J*#* f U^I ^ 
. .1UJ Ljill JiSJI J.'j^-i ilj*i l^LAJ jfl^l yj>*fl ^ »U*J ysii ilj»ul! 14. 2 

. Liuu IfJyj ofjjiu]| oJut ji1(j jl ij*^ (j£lj i Jj^d' «ltuD ^jUl JjSJI d>*j cl^ jJAii <ji 0^*i- 3 
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j 



( jkiJi JyJI 4^S ) u-jLJI >iJi 



, pLtJdJ ^jl^> oik Jj IjU & > fjU! ji 3-^! if/Ji ^ (^ J y^ - L 

. i£,y^ tjla^l JjxJI hfS 



X.... = 



: ^joJjUIL N Ujjp JjSJI ft* f Ltl *t£ £p J/< 



y = 
SHI, 



m,tro z + + m w 



( 6-7) 



: iiJD&JI jSjj ifj*j ^ 



? -M V =P 

1 lit! — '™UiL T i,lP. H» 



&tt JJo3 Jjyu fJw *tS jS r ^ j[i ^J 



^1 ^i^>JJ rjH . *ljfJI ji « uJLJl o,li ^ .1^1 *.*, ***» *^L tjU, ^ ^ * - 3 

i^ jjl^ **>* *lJi ii^ b^ii ^Li ^ ■ »** ^k*$ Ua? ^ ^J ^ ^ u tf*1 «* " 5 
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( JjdJI jjydl 5^S ) ^jU! JkJI 



, i+;UJ1 ciidl (^sLyflljl ijf^lj LiUi-ail L.L1I cjIjLiJI cjUjLw J*c Iau «jjl tJjluj UUl^^fb *j4l _ y 

V-^ J-"^ 1 V'-j-' ,j-*j * ■i'j/j 'iljJ AjWI fti* jj£j Oli ytfttJl ^ VJjVl J& ^>>jjjj UJb jjjj Ej£N J 
Jl> . ajxvJi AiLJi k> ,jJu le ii£L i£t*L ■LsjjU' ti»LiJl J^k^l iL: i^e^Ul Jj£ji , iJli iU ^ 4Ju*LtJl 

, tft^l i>WI ^ pbJl lit 

Luu>l eUj ^y^l jiij . 4jS&>< i ji^u J* *1S ,ILJI m^jj *Jjiij jij, ^j JMJl ^jLoi jJ ^UtS iSui.ll 

j_a lj l « f^iiJLi * U_wUy c jl j^ j U-j-ijj ^JU jjj^f jl djjJI si* cijj ijf (sj) V 3j*iVu jfij % iLuj; 
f ijy-JJ J* jtji\ W yJJ j^ ijltfl Jw^il luj/iJl Ml .j* 1* (-*) Y O^i J] J* ji* f^VJl ^*}JI 

tUSjl jj 1,0 kg l*jjj i*iw 4jJL»jmi itS l^U 1 oiurfl u (JuiJu rJlw JL& <Ii,a>o dj^ 4iui_ej iiLi ^ijAJJ - 13 

^jJLj iJbJl ilji jj \jifi. LL.^1 JU*l ^ (jll , !}*> Ji il&\ Uj yy ^1 Sj^ll k-ji* jji , 0.50 m tjjJ 

6-1 ^ 

l^Uj (y) ? JUJI al*v 95 km/h Uj J ^j*; ^yi 1300 kg L^ tjLjJ ( i ) ^LkJl il^ioll "^ i*j L _ 1 
wjJJl >L*J ii^ 7.3 x lO^kg L+±* oik*^ ijjb (^) *; SMSOfVs Jj«j ^1 JJ *i^u 12,5 g ^ 

, SI ol.i*jJLi ^bL»! y* jrf ! 20 mi/h J^ 
? 15,5 m UjjJ AjLu j*Ul -p u^ jaj 7.50 kg 4jUjl5 j^aJ (J k*J* i|_j*jil ^ lyi Li, 2 

? ^LJi Ib^, j| jj, L t 8,f)0 k 105 j \j£p ^ 1600 kg L^ ijLJ ^k>J; d^t Lui' jIjL L . 4 
. ^kiv'l Ljij>: ^ fli Ujji tM tSy- H\h kjj ^JJl f l*fl jj«jdl jill - 5 

f 17,lm/s 4*ijJ LSl^l tfjqJIj 115kg L£Ji U^ oils' U Is J}U 1^51^ LhU JW itpUl tjilL /& U. fi 
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{ ^Wl JjjJJI lj4 ) mjUl JjuJI 



. 10;S s Jjli 13,6 m/s Jl Oj£JI & 22,000 kg dtf ( ^i > <I»U fc> jhmJ i.jiUl &oJ1 L^ ^ . 7 
rttilll i*^ jl ^D 1750 m Uji "JL*. jl ^Vl i* 440,000 lb L^j ctfj*,, BSJ olj iJLu yij, Jjrf. 8 ■ 

, OLaI ^ Jl&>*il jl ^ Jsl " n^II »USl iij** JS bulj. ui ^ ^jjl pjifl J^-ji. L . 240km/h Ujjj 
3.4 cm 4_£^ iLjL^OUl i>> L-^y UjLsjJI dju ^jji>l . 235 m/jg Lijiiy L;^ J^ 12.5 g L^itf LsL,. 9 
k-ji* jl^jI I 1.9 x 10** h -jiil JiLi LsL^II jj^ ^*j ^tf 1 j[j , 12G ui/a U1 ; iiu bj^ ^j>) ^ ^^ 

, 10.7 m/s iijIJi* "j^j yJ'Ull aUJ^fl y v=jjJjIj Liby I^ji* 1'.' m/n l#5*j«y 345 g LuM ijS cykjl . 10 ■■ 
tj£}\ u — »5tf j>j u->l . jU^I JJLJLJI j, C^L. 0.225cm 5jSJ1 ji^ Jj>; ^jUiU "$jj$ il*J0l ^j 
r fcjjl Im Jsa IjS| ^if LiWI ^b 3y L-j« U , ^£uu ^I2*H ji ^ &bJ[ « 
0,33 cm <i^ jj^Jl d^SJl C^^J^ 5,8 x 10? m/s u*^ /« = 1.67 x ir sr kg tftf $ }Jf $,\ m U i 
0< ^j-L 4jL*^I ^j ^jj(JI jju. o-0 jl±ij U r 1,5 x 10 J m/s LijIjZ* IUjm^ yOll yiM <> t>j 43jl^lJ 

liLJ , 75 cm L|_J^ ~u£L^ iiL 3j_i* L_j ±*i LUw jit 32.2 m/s U>i ^j^j 62 g <Gltf ^ jlli . 1 2 ■ 

! I+Ji iij^J Sjall 3yJl k^ La „ _j*Si ^L»Jl ^ ^^JU 0.O375 s ^1 fc»J 
26 cm 1 ' 1 jli IJli . pjUUI jAs 4itj_ jiij* "j^i ; ijiLL (.jik^j *jJbj» bca ^ till <> ^iii JL^ *jj^ . 13 ■ 
SiiUl >:r U j_Sjll mJI ( i ) ju*-jf : ^li J£ 5J5UI y^ 2,10 m/s U^jj J*^ JjaJll 411 ■> ( 2G t> J ) 

jUit L . 2.0 m/s UjjJ J*^ Qiil Jj*i J^i ^ ^> 7.6 kg/s Jja*j JSU j^ rt" > L^ij ^mII tLi JhU. 14 ■ 



6-4 j (i-;i jUJJ! 

^wdwlj v if.j*j ^i^t jj^j> Li- J* Af, Lpiii' jlki Ly; ijs«Lwl jjjaJI iUL Jj^viJI oUUf ^^j i . 15 

, ibfcjJ jl jjy j^jaJI i*jrf jjk-jl , M 2 * j" 1 "^ iii'L ijjil 5jjju liijjfcjJU 
L^iLiS' i_^^> ^i ^Jj 18S m/a L*jJ Liiii ii^,^ 5.25 g: L>di5' L>Uj ilj^l oilil ^LjjJI ^L; j>i ^j, 16 

? i^siLJl j,y Oj 4^-l*Jl iiiiUl jjlw J^ Uj-. $L . Lui OjiljlJ ^ftiLi "J It i*y±y 5.5 kg 
jLJI Jj *£j4rt< 2 Li^^lj 3fi iti/k Ujjj Uj-j 0a*JI JJ aSj>jj 1 5j£J-l oJli Liirf ^U* ^b/ ^jU- !7 

. d, \zL^[ |jl L^aCj^ (Uj(j jiji* a>ji , 12 m/s UjJ «jw 
LJ jijLiill iv jtijiJi c^Ji- lj[ (o) . 1 ijSJl ibfi Ju 2 Jj£fj 41a' 441S Ij| 17 «lLi1 jyS ( I )-18 

U SjSJI "JaS y^j^ 2 »j2l 

j*J ijiLw yJU jj* 5560 m/w Ujji Jjj_u 1 7,5 g L>Jj£" L?Lij cj"il>i - 19 ■ 

12(J0 m/s L^jIjai ltj_uy ^LJI i'j^^i J lijjjli 8.4B kg <il^ ixami 

dj3 (y) i "j^k* .j'ljuJI juy \_Jlill L^ jlii* jjj-jI , ( 6-L JLUI ^1 ) 

*J3j" JJ 132 cm U^ji "iU yJlill J>»J 13] ijJtUlj J^ 1 j^ Ji^>^l 



iif 




6-lf Jis 
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( J»JI djiwJl LiS-) ^jUI JjwJI 




- 



JJ 



8-2 f Jia 



fr« 56 cm Ujji uu JW ^i iji rJ Ul! Ji U-jH J^ ajtf Uj- 6k , vM ^ ojH-li yflli 
J-> juJ * t^l* jL^TII ifc j^Vi i^l i*^ b , ^1 ^ j^i 13,7 m flj i ^ ji a*jy ^i jj 

. >^ >>fl iitf J^ ^ki jj j^fciii c -^ji ^ ^ ^ ^ 

SjiiJl c^ji . IJbiJi ^ ^U 6~2 f ^11 jiiJl ^ jl^i ibjSIL 22 . 
^O-yJlj ^J-Sl SjiJU ^jjwli tiofel ^ JiuUL ^]| ^| Jj j^Ji 

tr* L M ■=? V 1 ** f jLjJ1 *l C»^ ! 4j*D J^ **j- ^L ( i ) b* 
T juLdl ^ J/j< BjfiJl Luft ^| 55^1 ULkJ *j*Jl I^jji 

6*11 ^11 $, l^tfp ij^J 3^ 6 ^J\ ijjji ^ ^ | mj ^j| 

^ ii^l oL juUifl jj^j , 1^ ciftJIj luttJl »j£)| ju iujU 

y ^1 ^i . ^| ji ^Vlj jLyfl ji LaI^J /, 0jJ j jltjl ji 6-2 r JUJI J ifapiH d \Mi\ ^J . 24 

J ^Ufl j* S^ J5 J*- gljjjl ji jj . jUl ^ ^ tij^ll r b ^jU Lu H,jUi iJi>Jj| ^ 
^Jl 5^< ^ l^U J-i v fi ^1 jj, ^^ cjtfj , &rf p ^ ^ 2r jaj ^ ^^ji ^, ^.j _ 25 m 
. j4\ >p IK^I^ 3.5 ^1 SjSJl as ^tf IJj 5^^ fJ U)l #, ^l ^^ ^ . B^ r b u,u 
J j4 -^ (>5U |4-^ ^ Lj^l ^U CjU v ff l^i ^ 45^ ( m - 1 ,67 x 10 iT ^ ) 5^ .jLo . a<i ■ 

! J y^Mi ^.laII to" U , 0,7 v IajjS u^ J^L* jJiJi jj jjjij ^i 

■ ^ ^j* u! 1 j*/j Jj-i*Jl MjJ i*^ i*ji . 4jj_^l jib r jU; ^ 
j^l c,l lijl , m s ubi jj.1 ^ J L r- ^ ^ (jilp IljU v„ UjJA ^ dJjji m , <^- ^ rJ Lj. 2(5 ii 

■ ^i - m 2 ^ L»jk sij uaji jj ^i ^ji j jus j^ mi asci $ ^ ^, yf^j, 5lt ^ ^. 

jj ^1 L^^i ^i i5j>}\ LslL ; UU l^j jiii jj t JJ£ ^i k d^ , ^j ■ h « t ^i ^ail ; ^Jb ) 



e-5 



1 ^ ^^ j^J f .^i^! jjji> yjU Jji l^m 4JLJ1 irfl+i VJ J ^ji ^jji German V-2 i^UI ^ . 30 
^IS Us' , 2000 ok fdUll i*^ ^jfi Uj^ LL^ 600 kg/a Bj J Jj-^ jy^Ji iyv ^LJI d^ ^ . &H 
u* U (wj V V-2 ^,M »Jjj tfilJ jijJl jljj, b ( I ) . 3 x 10* kg ^| & j^L ^U j*. i±5 
, g LjjLjJI <1*^ oLkUui' ILJI s ij> ^ _^ * j^i LA ^ V-S f^Ul L^ jJi^ ^1 Ljil^t iWl 
6* ^^ ^j! yjil aSSj t 12 kg l^ ^ ii J^- ^ij ^bb»i^| ^.^^jtS-ti oi*, . 31 . 
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( jJsiJi dljaOA l#i ) >jU1 >iJ! 






>♦ i>-»j ti' -^ L ^ ^ tLtt liJLS IjI . 3.3 iii/h kJjL 4*^ <jj1jJI ^Aj al ^k 4Uj ^i jui^i IjLj 

* LjUJl oej^Jl jj J_aj 3j£JI kJJi ^l>J 

L^tLi cjfj O.fin iii/h IjjiiL. Ifj^-u j^ri is j Lilib t^*oll ^ ^i Ul> 13.9 kg LpM U& cwlS Uj^_ 32 
OjUJ ±j cuLi 2,27 kg >liJj£ j£_JI yj |J*»£ Lfju J**; oJli Lf>*J \'juj . j^oi _^j L^Ui &>jlt ($$ 
L$j£ j> Jj ii-JU 4. 76 m/a UjJ ^U tej*^ ljJIII J> Lj **,tSJl' jj^ oi*Us j*j t iJlLJl Jjm ^i l+JjJJ 

? jUl JJi j** *^d'j 4Ja1sJ1 icju, 1*3 i {j.4kg LjaJI 4Jj£ oJl£ IjL* . LJLaill 

LjjLsj ^kj-JIi foji i_i_ftik'ii iiojiJl j^jkjj LiJjiJ j^Li^* 11 "^ J-^ r^-* .M ] ^- i £i-H 1 -2f» kg 4ili£ jjj-Lt. 33 ■ 
iiLu l uj_l1I -ui jjj j JJI L>jJI tMi- <^L?j]i LpJ**; J1 iiUil L» . ijJuil rkJ jJji tbsJl ^ 15 kg 1$jM 

f 3B0 mm L»jJ 
Sjjli jIjJjMI Iji L^_jl* L. . fiRO 111/& UjIjL i*j-j tijUl ji 13.5 g lp* JS <M ulb 100 jSki i^T i^JjJu - 34 

V 1 rain Ifiij Ljj Jyi iJjiJl ^1* 
ljA»i yjJill ii H*jtl jilj* j^itj „ 7Fi0 iii/h U,ljij ^Jj-lj j«li]t oL>J 18,000kg L^±£ »U£ ^yu* xiij^Jj _ 35 i 
tjLLij j^_9jJ1 Jj> ,^-vuL^ ^LJl Sjj-jj ji ^>jjLill Jj>J' jt5j , 550 m/s Jj I^JU^ ^lijf ^jjjjjjl ^+ ^l 
jSj iJuLJl «-sj l_u*j oL*Jl ji ^jj , 2300 m/w lijlji* le^ iijti]( .j'jJI Jj-suj 85 kg/s Jipuj siyijll 

iJj ojlL iUiJ l^j . m d /3 l^ J5 *M <15U« ^J 4/^ J! ^iii sLpi m w L^ *j£L 3LJ **M-38 ■ 

Ujljii w j-^ j j j-*JJ vJ 1 — ^ f iLV 1 ^ 1 j-» Jj-»^ ^j^j 42 rrljfH ^;^ **J*^ * jF^ t^" 1 ^' ^ 
ixl*LUl ^ J-S U^j m 5 /2 LUHJI ^LUI Ui£ cJtf IJI ijUl > j^5 . iUM i*]«Jl ^ jl^jI , 25 n^s 

y41f vj^ 1 oL ^ ( 2jW 4 /3 L*^* ) B ijWl 4j>^j t) fl <^j^ J^ 1 ^ ( M A U^Sj ) A BjLJi J^«; . 37 ■ 
.jLsiSI jjv iijJUll 1*4^^ y U . J^^ Lfc^Ju J5 oirfdlj *tUil1 ait ^bjL_Jl ^.jLs: , u^Jl jljli 

I jL* , x jj^JJ y^ , >^ 1 "1*^' w 5^ ^j-^ ^y'j A*i ^l tf* fjl-*^l -^ Lj.i>l jU»il -lUJJ ^*wj i 'pif* 

^1 **j- bf^ij (-w i 0) .t _j.y (jafrl*oTll ^ Uj>' ^ l^ ^^ 1*j^ *MI ji ^U* ^L-^ »jUj - 39 ■ 
ijLull J» . jki] lU^ j^* J^ji ■ tfl i "y) Li,; 1 ">H - 1 *! **j-* ^j* ^j^kI mWI ja>j i (P5 /2 i % /2) 

SO* Lijji ^ >^lj 30 u Ujji Lijij, Ui*i (jL-jSil J^ f jUutl *uj , ^^ JJ^ ^ ^* ^jUj 

V (^wjjiJl lp^j- 1 Jjl^i* ^ - x j>***^ V*^' «U^ t^L 1 
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( jkkfl JjaUI luki ) l^-jUI J-aiJ[ 



iL^SJ 



_} ^-5j ni/5 l+Jitf iJ£L- Jj_»l B^ sUj X j^J' JjJs J^ jL-dl J! u UjIjL itjuu JyJu nt L^iliS e_jS _ 41 
L»_.,J Lijlj r ' -j jL^J! Jj ij/2 ijjijjL ltj_u jLxl J) iijiJl i JO! ijiil tjiij ijLalll i«i . J-j"JI ILj 

JL 40° Ujji l-jlj ^ il^Sl ji i?/4 Ujiji, ii^ liii JtjS'l ijSIl **£*! Ijj 41 yUl j>. 42 ■ 

4£**q JLfciJl sL»J 1500 kg ^iJai SjL* Jj^jj _ 43 
y lfiOOkg L±£ yfji.1 SjL-, dlj^ i 22 iti/a L,.li 




■-wr™wi'».«?ww 



fl-Sf JSi 



, 5 jiLs pjLoill Ay j^jL^Ju o Jill 



4aU jjLyi 

? 15.2 m/s Jjwaj iij>0j ji£ Lji# 1250 kff L^jJjS SjLw Jy-j <^»S UcUi *Ji< »jlUl jAill jlji* U _ 44 ■ 
(jLi" rtJwu UcjJ jiji . t-Uuil ^3 4ajU Lf-JJ cjoijj ^uLiiJi tjinLr ^t 65 ky Lulls' 'Lis Sollj oLaAil .45 M 
Jl ii—iULi G.5 ciii/s LajLjL ofj— y iltLJ-l jj 3i*Lu dj_>v; ojLS Lpl "J] 30.5 m 4iU< <j#j L>uj -^J' 
, iLLJl ,> juaJI tUj^JI i 850 g JjJJi'Jsjj -Li* iJii tLail ijilj o#li l+uii-. Jl w^J iJjUj jiu . iloJl 



v cLiiFi j^L Jj LJjjjJ tpi\ >_pl yt Li 



ij] j L : UjbuJI il» *^£ Ja 



j— • 



i_k*J UjiiJu <^iil5 j^iuijll Lkli! ^jj^l lii^LwJt j-jti* u"^ 'j^"J ■ 0jL-Jl |jjj i.JJ 5 jJ 1.5 Lfjjj ii*U i_iliJl 
J_j iis-LiJl ii j* tLsJl i 7.8 m U h js ^iLu Lu 'Iil>"j js LgJI ^ JJI Jj ^l>Ull ^L)U ^iu jli >jLuJI 

. A lj}i *k$ V'i lSjL; B Sjfll <ti' jl oijJi) ■ f J^iJl iv fl SjSl J^J f iiJj* J Jl a*jI i i^l »b 

jt>mII *J^J ^U 4JI8 iljiS l^k ^3 jsj jj^l ill 6-4* Jilll Jiis! . 48 ■■ 
i w ■i'f' >jj .-.Ui .. 2 in idnJl ^r *>J jaj . jFj*l» r^jj iu> .JH_J* 6* L^j ^JLojLiji 

Vj oii^ dJ5 J_vj - 'JJ^* ryai.^ Jsj3Jl rrt! £' J^i -D IjijOi «t-j. ikiill 

jIjOs h ^ , iij-Jl L K-ii gUSj^l ^i i^l c> j-uS'l u^UJl jl* jjttjfll 

. ldl£i>l ij JjiJi *ujj* ojijl jl uijjal \ fjJl i'& 
,j-t \+-*w m J*L» J± tj5L*j cJlf 6-4* J&3I ^ 2m ihill jl y^Sl - 4D ■ 
5_1^<1 1 sj_i .-,1,3 -i jL_Jl At j^ci-JI 3MJI J*b- Jjjl LuiPj .. JjjLJI 
Ui£JL LJij^ i^JJI ^j—niH JojjJI «j^aj yl Jj3 L Utjji oU* lj> UjjJ*j 




6~4 f Jii 



aio- 




(^IJ^lJUi-^jUIJ^ 



jli-Jl JjJJl ylSj t v [*Jiu &l! ^ - 6J ^ ^ L LjJ^j M LJ5JI t^iltf x^ij ^i. ^i . 50 , 
, fotfil ^ *LtS l+J* jiW ol J! 4LJJI Jl}il 1.1* ik>J &, .IjjuI ( f F & «VI J* 

ij^ll ^j-ijl ijJL** f jLaiJi i*j ( 50 m/s UjIjL Ufr ^iiill *Lrti ^ is^ E_^J| cJtf S^U ^Ui JjSj 
. jlJil I^L>JI ^ 12.4 m UjJ SU .j^S && ^i ^] JJ ^y ^tfSf i^rfj ^ ^u tjiUfif] is^ 
^ill ij_S]i k^ ui * 0.025 »U*il £* r jUJI cyj fiji ttj (v) ?&WI o* ijSJI jIjJjI U^ jkfo U ( I ) 



241 



J Ji , JjMj <j*i jLj ^ *Sj>ii Ojj[il itfAl ,> j^iJI 




^yi a»ij]ii 7-1 



; MiJ-^ill JaJ»J' I JLJ) J^L jLf j^jt jljl>l *jJL,* u*l^i k> ji **u? *5j* uLajJ 

t h0\ ^UJ jjlj>| jLjSi-i t5jij>0! i> ujij ( J-^oJ 1 ) O'jJ^ 1 ^ ^J* **** 

i djj j^ LjUJi jjWi fid &\ jtii *i*i . y^ **ij^ ^ijj-Ji J^i J 

JiiJL y,jjw yt Ui l»)5^w jw jipn J** jjJi $1 z£*i ^^ Ui-iJ j' W*J^ 
i;sLS JLia . Ujji iyjj UJj'- 1 ! V^ * Jl a A*^ u« VHJ J* 33 j^ 7_l 
BjJIjJI J fJjy L^j * meg) oL^JL ^Li ^ ^ ■ ^y^l ^ j> 
OjSijJU t (rev) ol^jJU Lytyl ^LJ ^ij JJJS , 360 n ^JLij djl>IjJI <U£ll 
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( Djikj J ii>Jl ) *jUi ^a\ 




I '.I 




1 rev = 360- 

J I Lyl;JI ji i ^^ij j^l ^Lijg iyijJi ^ J i ^jlIJI SLjJJi 
J-^C yiupJj ^uj . JjSl J-ai)l ^ lit-, Uattll ai_i £j*y ij | i^JaJ 
IMl jjju L& . ^ LjS 7-2 JiiJL fcUu/fy <ijljJJ i5>5 J*D\ ^LiJl 
# LjjIjJI J-^j j^l! Jj^ fi L>,j3 oL* Lfsi* : j£ Lk£ ,ji d^ 5 ^jlj 

O(rad) - ^ { 7-l) 

£jj IL» . = 2w7r = 2* ™1 J^ lo*_j 5 a 2^ _^UJ *I*I£1I OjjJl J £^ 

lrev^36U u = ^rad 
lrad=^ deuces = 57.S° 



f7-ljii 



»Lh cj>j fi] ( dJi jJi >Uj . Ljlj)jill oL*yOJ ^Ll jbJ $1 gtjg -J 




£jj . *WJI iJjUJl jjji> oL>j j^ II Lpli i^L* LW if! ^j ol^£JI 
jiU jMb 6-^! j^* mj|l Ifj y-UB ^jjl 4j4>JI JJ i^ll ^Jl ^ Jj 

^LuJl ^ ^i> <^t| JLaIH L,[jjjL. jtLM LljjJI ijjii ji LLun 



jJsH 



:7_a Jii 



7-1 j*^pjj J ha 



7-1 d* 



: o! *h 1 rev/360" j 2^rad^60° ^^Ul ^U, JV^L : Jtu* JVjwl 

1.22 rad 



70.0°- (70.0 deg)[^ rad ' 



70.0* = (70.0 deg) 



aeodcjiJ 



. ! rev 
360 deg 



0.194 rev 



i^Li uuj 'jl f ) lJL jj 


«r9 


Ufl° 


^5 


30' 


^fi 


36 u 


lA 


45 s 


«Q 


eo v 


^2 


BO* 



12.0 U j 0,0334 rev : U^i\ ol^j oUy Jl 0,210 rad ^Ijll Jj> : ^o« 



6)^1^17-2 



ti^> *^aJI <S^I UL> ji L*5j , Lpljjj ^y J^w Lwi ji t ijjIjJ! l^Sj- 
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<ijiljji-W,*JI) ff Lll>iJl 






o-i 



t W 



4* j— Ziid i^jp <^j ju r du 




JJJ 



* i**M • jJ 7-2 j 7-1 fcj£sl| ^ afcbj^il ^Isfc^ji ^ | ^i 
^ JJj , <#UI Vj Lu ^j #L-JI ^j uUl yjtfc jljj ^1 ; j^ 

J4* 6^-^* *j.U j^m J^> u) i^jljJ! i^j-Jij e l0\A*tjj\) . ji^MJ JBJI 
«Ul vjLi* oUjJ »L^ jij l*»j* kUl Vj li* jljjj ab>;i ^£i. J ^\ 

$ fj &.J , gljll J**]! ^ ^J| ^ £, jL*J Jill jU>^l yjj j* Ijjy , IJJL 

^_j Jii Lj Uj^ ^Sjj o^U-! ^ Jjh- ijjilj cUi5" jk \if>J\ dijUi 

jLIj-^I lii 

i*jj & U^jaJI tyyi ujji j^tf $, j# ijk-Kli tt^Ji ill* ji LUi Uij 
^jjj UiJ( ^1$ ^LL *£U ^bJl likiJI Ifij-J! $| jS'ii HJUij , ^jj]| 
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(i^J]Sj*}\)gU\J*i)\ 



a = Km - 



m 






7-n j*jjjj Jti* 

1.0 mi* ^ 1800 rev o ,1^ oL)JJ j| ^ ,^ 7 ■ 2 ^1 ^ U«U Ml ^ 

. rad/s cj|j*jttb ikwj^i ^yi i^ji ^ J 

: iL-^Ii LjljJJ 4*jJi J^3 y^ ^ . ^ j^| 



tfl 



W«^-(»«]{tei)..«ralfc. M B lltt 

• 47mi : ^ [ * u*u*M u^ y* jw ^ ^ 



UJJ^* 



Ot Vfl^ll <U«J| 7-3 



*W*1L ^LUI J-«*J| ^ ik,^] Lk>J| il^ji j^ 



V v ; 



j! f L-*ill *L, ^Ui Orf Uj* b^ U (^J* ijHJi ^ ^ jjj 

: -^ >I ^ ji J y (j a^j ( iai j « ^^1 Ly^i ii^ji j^ 

<k->tfl lyljil iLfJl ^— LI — ^ i/J^_ 






(7-4) 

f OLS lii t su , ^, ^ ^ ^ bjJ| ^ ^ ^ ^ ^ 
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{ ijjlj J 3ij?JI ) gU\ jdiJI 



Ljj J-ii*Jl yj jjj i ii^b J_SJ i_uUJl ^J 4-jji>5 Ju*J ojlj i>JiU ii>jll 
LlLd US i ik^yil S^yi IpjJI ,jts ( xlib ) jjkuj LjlJf iUjJI cjtf |j| 

1. 



w 



: < t^ + fljj ) 



jj 240 rev/s L*,jii ^iljjj k^ J] J^ ^SJl ^ ^l^jjl ^ 

e 'll -ii ; .i>ii i -r. . i 






7-3 ^j] 

<Lw$^l LyljJl IjlNe L , 2,0 mill 

m, =0 fiif = 5J40 rcv/s t = 2.00 min = 120 s 

: £jl u*u "Uyji 4l**Jl ljjjju y*i 



« 



120 s 



130 



. 1630 rad/s ; LL>yi 9 Aj£J| ^ L^j LLj ik*J ^, 




4jjljJl45j»JlaVjl*#7-4 






, i^lj^ij IjLiJl tf^Jl olLl** gg ^Usji ^ [^ jjj Jij £,( ^| isfjjl Ujj 

« Ijiiij t v JjLv ft J L*S i ^^ *Sj*Jl jJr>Lu iyljJl KpJl ^ (gjjffi 

pjj t n j i; iJ-j^o ^jUjJ ijiiUU* ,j,jiJ jImj ttjdj Ljjjs UiLi dJiS . a jtLu 

'UuJi 4Jb»jJi oii <syji yi> yj Lgjij^k; Sj^j jj; jb tofe* i+feiii Lji^Ji 

Ule Li J_£ i h^\ i£j>ii 5j^ oftUi *UJ L*U jjj JUi* ca-J 
, LjljJI iSj*Ji UL> y3 Lfi^ilj Uj IjluJi ^pji oljjJSi* JjILl: /,! iLLjj 
i^uSj ii'jAJI uli c-VjU* jit [Jui tjjJwi JJJ £j] J-mJI lit J t^jj J^uj 

Jli^l Ja, J~* *^ i] ^ f ^ U > J> ^ r- 1 ^^ ^ ^' J ^ ^J ■ ^' 
«iJb ^ji j , ^j,|^J( tfpJi JiL* J> 
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(ij&VttjdfJpLfiJrfHI 





klty kj*)\ 


SaMJi ttjidi 


— 




$= l?t 


e=®t 


(17-5) 




V, = 17. iat 


®f-®.+al 


(-7-S) 




••fK-W) 


■•ffV^] 


(^7-5) 




2as - (,? -i^ 


i i 


(j7-5) 




1 2 


fle'fyi+Je* 8 


(j7-6) 


— 1 


— ' — 







7-JJLU 

^ LlMsJ ^ &iM J! if*Jfi| 3.0 rev/s J^ ^ ^ jJhlJ - 



f f - 18,0 s , UjLv.1 VJ iLH oU^JIj SLUil ot^jl ^ u ; J^ 
jL ^ ] J* VjWl ■ t - 18.0 s i a> f d Os t q = 3.00 n:v/ 9 ^ ol^l : LL^I 



a = 






jJtf Ui U, . Lli LyU, ^ ^ jj li! (7-5) y jW) ^j ^ g ^ 
: M«0 (J 7-5 } ji (J 7-5 } ^Ull ^j jUui ^ . „ ^ 

: j*iyyi^!«Jl:4tJliil!,JsJt 
„ m 3,00 rev /s _ n 1ft7 . „ 

: ol ^ (-*7-G) 3JjUJI ^l . y^ji ^£ ^ ^ ^ yy, B rfl, 

w' r 

5 = ^ (0 + 3.00 rev/a) =1 ,50 rev/s 

; Jfi J^ (\l-5) 1U4J ^ 
0=w< = (L50rev/sX18.0s) a 27.0 rev 
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( tjjk> j ^j*ji > gui ^a\ 



B A 




I 



&- (3.00 r&v/H)( 18,0 s) + ±(-0,167 mv/iW2 $ 
= 27.0 rev 



, a SjUj **w« » u!jj o**r (jjuii ^^ 

fl ^ (j7-G) 4JjLJI ^J ; tej" 



: 7-3 Ji^i 



l*LH oLuSJI 7-5 




f L*lj IjjJ -Uljjj 





!' ■ !T, 



(T) 




M 

yi . v T m tor iiUli tiJb y V-U4 



Lfjj-i 1 u^j jI jl* li*£ *_j*£i jl ^ liuL LLp- ( i. .ill ij£> ) ._£* Jij iij> 

6^ U5UJI $1 p-14i ^ . \£j*I\ jj jx**J! >> ^ SfcUli jI>j| >» ill 
, jjljJl ^Liil J^; UjU, ^ ( 7-l) *JjU1I LJV 9 ^jljJIj a y^Jl jjflUj 

«LJF £>U a L^JI 1^.jm3 ^JJI LJ»JI uUll &| J_iiil Hi gty 
lij*J[ g^ ia^ jL*jI ^ ll^j lit 1 l^l> J* "iLa: jf l^jU ^i j^yi 

V-SII JJ L^ I j] iUi j_U ijiL* . A^JsaJI J^ l,jl)JL oU. (J iu» 1 $ = rff 
. ^JJU. Ja JajWi JJ ILjIJ i*U $b JU* J ^ 7^4 Jiill J ^11 
, i^jSII 4il> J_c iyjji j^i s Bj i Jj, j^, ff bjii ^13 i*ljL ^jill (Majy 

- lij'^ 1 1^^" '-kj" LT 1 ^' J^ ^*" (^) ^ J ^ f 0^ 

J UUI ihiif ^y J^ o^ Jj^ 7-4 JLiJL o^Il ufl| ^ Uj^j 
Jfi 7-3 JUL, 4*^ti ^J| p*|» L,^ , JiiL> , ^ b^UiJl JjL 

LJ^ (j-* L*j^jJ ^J-^J Lrt-** ^-^ ^Jf*- 1 J^* J-* 1 L*JL* jiy\ jjjj ^j^'l 

jIjjU IjjUu <*j_Jl jljJu ^^t, ^UJI (j^L* fr J5 ^i . tl^ i£j^ cj^ji 
liUJI jJ* Ukiu jl yl ijij jLij . iU*Ji J ijiii iiu J* *Kp jl ^ r 
i*^ lT 1 — "J ■ ^-W^ 1 J I v^^ (^wL« oLj»JI J Jiiil 111 (j-uilf Lib J^aoi 
jL*ji j^l JjbJ . UjtJI »ifJ Vj. L_,UI UjJL iiUJ ^a iU; jl iSj» 
, 4UaJJ <y ^jijJi ^jJIj v. f u-tLIf Lt_jJi ^_u ii^u 
ij£u f ^;Jl J^j- fl c,jj1j jljlil luli Itj^w 17—5 Jiifl J ^i jjj Si] 
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: Jli Jmix^JJ Ob <JjLu j LuHf ii^j ijmhSII 



{ ijilj J tt^Ol ) pUI >iJl 






jIjIj tfjL^ j*j 17-5 JiiJi jJ UtfJf f Ifijl !Uj— jIjjU j-J SU-a */< ^3 
|J _k^ w Ljjljil lcj_JJ UjIaII bjj $U fliaj . A LLjuU v r i^Ull i^jJI 

3^141 fcjJI jIjL = v T = air (7-7) 

j-£jj ||jl iLiJl Lii£*,» ifcLia faijty . <jjfcftlt i_i*aJ ^LUl *IjmJ ^_|^ U^l li*j 

j^j_JI »a# Js_^j .v r e.«f Ujlji* ti^ ll«i ilj*i ^7-5 JLUI ^ iJMl 

. i^jfclJl ft* i*3Ul iaLiJl 4^>j *-**J <^j-1jj jJ I 

ojljtl icj_Jl j_^ L.ii*j . Jj—iLill LL^aJI tr*-~"j liji- 1 -Ul* *±*£ Jii* 
LJl^aJI ji j,*0 (7 4) iljUil JLmI*Uj . lj$j*Ht v r jbj; Jj-i »jJUI il**U 



10. -u 
K= _j 



jtfl l>j . * ^jJI ijiiJl JiU. LjljJl i*jJl j-i >J! jj ^ -in. i 

J- 

a r = orr (7-8) 

i^UI ^k i^yu Hal tfl ji <*j>Jil1 U>jJI j^ji <*l*iJl 4JL-jJl ^J C^i *i-fc 
-S jjJuJl Jjjj l+j'b UkuJl Jmj^" u»Lm>1 jl* l!1Jj jLJj uJjiij J* , Jjftll 

i^jjlj i»l$l ^ jjl ,» fijJU *;i Oiy (7-8) ■ (7-7) « (7-6) o^LtJl 
j_« ^i* iUJ ±*u) t jllall p^JI ^ ^>i J] ^ y# Ji^ ^*I1 U*Jlj 



. ^**H ji>7 IjiLjJJI ^lj)l iUjJlj iyljJi *J^*ii ^-ji - 9.0 i J^ 
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(ijJljy*Jj*J!)£Uljjyi 



| ^.'LkLiil lJ-^ IJL, ; JlL 
^311 o5L**Jl Jj UUJI ^ ^Ab dJiS . 3jU_— U ^jkiJi U*.]! :LL>)1 

, J^fjJI 6j^ jjjUl j] j^j>j^ L+il ^Ji- 
tiJ>"i yjljJI il^JL L^Lj ^ Ju5 5jUJ LJsivll 4i*jdl jL^J j*j : JlL 

il**ll jljjj jJ_*mJ 4j**JI LLjvJl ^^ii j_ii SjL-JJ L;k*J1 UwJ! ; LL>Vl 
^jl;Jl i-S^I &1 V? 5 J^Ulj {7-8) j (7-7) $l&Ul gJijfj . £ J-^jJJ j 

: ^^UIJ III likiJi Hi^Jii iwj 

B3*A 4 ra=— - 



: 5jU-lO <ijt&JI ^l V a*jJ ililWijJjJl 
• r 9,0.s 

ft * 2 - 2 '" /a ' = 5.6 b a = 5.6 rad/s" 

0.4U in 

, (7-8) t (7-7) i (7-6) ^jUI f kiUU jJ L^*i Jj^-j* lift . jjJuJI 

a = a 1 = (S.fi rac]/H^)(fi.fl s) = 50 rad/s 

. 36 rev ■ U>t\ 

« H 4 

ii i 1 1 ii 

JL-ii Jj ^jL-Sj Cj 5 ^ 1 *> 'J*i ^ i>' '7-5 JiiJLi t^Jtf 4^ ^j y^iil 
V 3.0 1 iu L^Ijjj Jam U ( 20 cm vlll ^fci JoJ ji5 !j] . 8,6 m/s 2 Jjwj 



V tjill ,jljjju *&S}\ <£j> JfljJjj J^S : Jlju 
Jjj* JjJl* LfcSII Jj*. jjJl iyiJi ^V » *_&! ij J^J J5U ,> ty?}] 

! jU Jj U&j IjkiJl *Mj U*tl "^IjJI ilajl o^ W L. : JiJ* 
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{ Sjilj J Hj>l\ ) ^LJI ^ii\ 



a=- 



:U*^I 



f a tyjll U**IU &JjjJ Jj« aS« U : JIJ* 

a= MmM = 43 rad/s , 
0.20 m 




: 7-lj Ji*i 



co = er* = (43 rad/s*K3.0 s) = 130 ™]/a 



ijjSjII 4*M 4M 7-6 



E 

i 20 m/s y£Jj * P j lj£l1 <*li ****** l5jj1j jL* J j*J 5jU- iJU #d i ttJ 
1 cn^jll ju# 20 m/s ijLJ! **j- jIA o' C>* ^ . 7-6 Jli^ ^ j* W 
nil) . %« ^ ^bc SjWl J 1j * jUl jls jj^^fl JaiJI gn* J^J 2 j 
ir Ju L-J I+, iil 3xj— Jlj **jJI jbu (1) : LftP 3 ^* J&", J 1 1 r**i 3 J^' si * 

^j ( l^j* Uii ) iu^i ^ ^;J< J-uii lA <M Jjd #) . »jaii 

j_1p 4*^JI tLvjl ^i iu»j , ( i+^ jj Aj-i' ) kjJl jljli ji&\ J*j}\ Ji*ll 
^j SjLj—JI iSj» *Uui _h^ i*jJl jLi i 2 ^ijlf oi* LjaL*;I ^ ^ 1 Aijll 
1 fc~*)Ll &-* ijlj-JJ 4L-jjII <l**Jt ji i*J ILjjSII *1*-JI ij^j*J i>j ■ jUl 

; tfiUL J*. 2 j 

. BjLJl <L^t ill t,M»wJ 

y*JI UjJ > LSjil iiA>^ JJjll a* JS^ tfW 7 ~ 7 J^^ ^^^^ 
jJ^ lojti x cjijil JJo L+Ijj i 2 tjjll jilt y, JI 1 ^^1 ^ ^ 0* ^ 
Isj^ <i£ r j^GL^ 2 JI 1 j-j fj^Jl JJsi] L-jJt Of ^ IM ^ . J!*-Ji , 

: Jjlw&iUJI 

( «^ji ^3 j^i } 7 - v - i> = y y - u v - -2y y 
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(ijSb^fcjjJOgUljrftfl 



:7-7JU 

^ 1 {_J^J oh I*™ ^ -&, 

. SjiliJl ]i >* i\j(2 




Ipi^l 



u uii^* * * = s/u y 2 J! 1 ,> Jli^yj ojl^JI OjiLJ lJJJI tyjfl ^Li Jtf 
'-Ht- ^ j ■ 2 jj 1 ij* (ji-ji 1 ' JjJb J 3 lajLu ji ijlj-JJ jljiif luliil 4j-iL*1I UjJI 

: jjj ■. j^jWl iui^ u-LuJl uu^u i> i B = $/r f) 

,1 sf«i. 



.v = 2r0 



-uLij . itUJi ali J 2$ IjijJ l^lj Jjli; x ^i Jij 






2r<£ 






a - 



Oil ft.jl 



2r<ptv r<p 
: ujj f fy ■ f sim£ <y 7-7 Jiitl ,> jji LiUj 

= — a 

U ji!j . 2 t w*ll j| 1 ijtjfi ;> tfyJl 'Lui ijlfJ 4^LjjpII ILkjOI ^ oil 
LLuJl jji Jjrf^JJj * A JAi Lb*; ^[ jJ* ft Lit*Ul U*«J! Li^i ^* li*^ 

lj_^JI ^_-iL> ■ *i" - 1 ) jjJuLil y* *■'■ ^LUL Jjib ijj" ijjlj ff> 6jii UaL; 
: jjl; U^JJ' L^aJI i jjj i { .a*u> lit ji j. jS'bU 



r* 



r^ 
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(ij!IVtt J *JI) ff tJ b M 




^j > A iWl jJ* Av = -2v, t yl i*J 7-7 J^iJL- tiLo^Lj . Av sL*jl 

i y jjjJI !> JJl >j*JI i\&\ J A U&Jl ^ ^ cji Av ^i LO jjUVl 

^ j_^ &L*J j^u tjji A. Ai* ( rL-|J[j j Av oLi 4j*j . ijjljfl 35^ dL»j j] 



fl s -- = oV ( 7-9 } 






L j*jfl tyL*}| SuJI 7-7 




k> ^ uf^ji ^ 4^ ) ^ ^i iij | ^ ^, ^ ^ ^ 

jLJI jj aljAJi l,^^ i^ tjj ^U ^b -^ l*5i« ^4, J. jj-J jyjjj 
J» J jUidl ^1> jjp J^ SjLJi ijii ^y^Ji ^U Ljjj^li dlfi>Yl 3y J« 

^J^ i^j^i^i ^Ul li ^ JiJi ^ij| UJI l>b J r Jjfll olsB <biJJL 511! j4ll jiskiJI 

, lUi-i i . ijjfoU ^LIl JiiJL 

SjJJI V L* ^ ^J 1 op'jll ^jl^Jl ii«Jl ^s ^ L j^l ^ UlS (Jfcjj 

jU* ^ J^l ^*J| (ji Jj . i^, ^ ^jiij jU ji ftr oM ^ ii*J Lj)Ul 

( a - b« Ir ? Il^Jl ii> jljiy , jjjl Jl j£ r 3 Uj y^e ^b c^J uc jjjjlj 
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(ijlbjiij^lj^Ulj.jill 



, tSjJlaJi jUI ^i p-^JJ L,— 1UX1 U^Jl jIajj u j ij_j|JI ^ ij^i r iu* 






F =ma - 



inv' 



(7-1") 



jj-llj jL^j ^i v UjIjI* <jSj— u ^^ m «±£ uf Jji*J iujiUI JjL'l 

uSj^J'j V»J ^fjto jj u^l J>> jU4l oljjJ y*J ^3lj ^ib»Jl ^ i*: ! Ji 
■ *Aj^' ^L*-ij ijyJii\ ^Ui^iS ^jjljjl *fj>Jl v .-^' Jj| ij-dJsLjLil 

Jj-J jJli , ljUi JLp D st/jil LiL*J1 ijiJi [ ik*M, <^ Will j. 

OJUJI IjJ}} ^ ^Ji jJmJI Jutf ^ ip^s yiil ^Ljl J i^j . ytf 

, j»*>JI 3Sj* oUyi j^*3 iljL^j L^ji y» hjS^l ijjibfil 
J ^kLJ* Lij ^rijjl i*_^ jfj_i» jjfi 15^1 jLjo^I ^jljll jl s i^lJi jydi 

J 

. Iljui ■uk ij'if *i l^SJ, 



jj ^H^J ^-^ W^ ^j 1 ^ 3*^ ij^jLl <4-ci^ Jif 1200 kf IfM SjU- JJmIj" 
ilj >j uLO jLS lij ( I ) . (7-9 Jiij ijilj ,> ^ 4^ ^ jU ji ^L*JI 3^ 
jifi j^jLSl J^j Lh jjj> J i^j^ ^1 yu'il »^ill jIj_L Ui t 9.00 ra &jjIaII 
JjLu jj-Ld! Ujill ^ U ( V ) f pjjljjl jUll ^j ^yi ^i>j i^ oljlfe^ 

: jji^jv^i^' 

V iu+iLJl Ji* IpLb^l jl^ DjLJI ILj 4iJ Li ; JIL* 
-2E5G- 






( Sjilj j &j*J1 ) gLJl >AJl 




jj_i J_kjfl 



: 7-9 Jii 



ju« j—j * jlhJ iw '^pi IiAjA 

. jjjij 



; ^* ^jijil ^M U**}| : ^L*V1 



^ (8.QPm/s) 2 
r 9.00 in 



F-ma- (1200 bgX7.ll m/s a ) = 8530 N ! \tffl 

£te ^jUlj S#J# i& j*^ &&** j-t jSUI jSji J v^N : W 
*>!jUrfl ^ dLi3>1l JjJ .^UJ o[,tV]jl cJljil 1}l LJ . jUl ^L, JU: 

Lu*lij , ^bL-^i JL£>^i by > Jii IIjIj ^ t ^5j> Jlii>* &jl j^flj 

: ^ . jftl ^ 18530 N)/mg ^U ji v* ;(, iliiMj J*)' 
8530 N 



mm^ s = 



0.725 



(12WkgX&8m/& ) 




: 740 J" 

£^#ill 5_^i^l J ijSH ^ Ute 
t^Juji ; jiii jj f-.jfj t+jjj ffuj J>» 



7-5JU* 

ti i^LS Iij A Uafall J^ i£M u^ Ujie JpJl ^ jJJl iii U . 7-10 Jiill; 
. !LyJb*Jl a»* JifJ ^ V iLtJl lliJ ilt ijSJI 1*jj jii y 

V /4 ikiifl u: i ,£11 -ti^P f* U ; J'^j 

jl*; ipij ^i ^^ SjUi e^fir A WtJ pjSJ' J^ U>i* ; ^JW 

n, =y 2 //■ j_» iij_»Ji oiJb Juu ^yJl IL^Ij . E Ljl*^ jliiij r Uj^i 

! jayi fi» ^1* JW $$ c0 && & i^u jjJi y>»Ui li : J^ 










■ jJJ 


■ F , 

11(11 


-m^+7 = 


mu' 


!r 


:U$ 


r= 




-mfi " 




-) 
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J 



(lybjtt^l)^^ 



T jl^JI jii v 2 fr<g ^]£ lil iS\ UjLJi Ail | IJjU* JJ^siidLUIIjJjJl 

■lj ijj j |^> ji j_U Uitj jJji LpJI i*J CiLjJ J^L* Il»j , LJJL ^ 

tj_» ^jJ ^_ >j_jj Jj_i CH ijul ^J 5jaj db ^ jl iijj ^| *£!) i ili ji ijL 

Ol ^^j jLil ^Lc <t*j ^j>\ Jj J*3 Lirf JjSJI «j^i jlji* pji i iJij , yy 

lift $i Jii b A$f lii L.T , tfjSljJI jUI ^ >U3 ^i> jflf Js (g?F iijL, 

, 1^ ^jiui jLii ifyj * Ji-i ji Uj J^ SjSJi ^ 1^1 
»j£JI cJtf Ijl &yU\ cLj jOj: J?i»Jl ^ j^JI iiji ^p ^i t_i^ liL, ; ^j^u 

. p kj$* b^ iiUJt slill ^ dJjftS 



yj U>Ji 4*3 y<U gta*, ySi 



■ rff 




"^ vPVH IIP pm 









? J&b-I Oj-4 MjlSjli ii^JI ±Jy Lpi« J$ ion ^ L. : JIJ- 

¥ ijLJ jjSUl jUl jSj* j*w l#*ljJl 

CjI ( -7-11 Jii ) DjLJL ^Lill jjJI ^*JJ ^yi LJaiJI ^,y_ -Xhr)\ 
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1 

1 
1 

i % 


"''i: 


| 7" 






, 


F, 




Oig 




1 





F^cek et=mg) 



( iylj ,/ 4ijjsI1 ) £jUI Jjifl 



. SjJUl ii» jSj* y^ J^il dL*;1'I jj jj£l 4,j5"jJI IjLjJI L^JLjji Mi ^ 

? (Jijll lift ^j jilill -jipj -jy]* ftfii fjj* |ii jif ■ Jljw 

: Ucj .; a T = (J ^JjJl oL^jiU L-JL :ijL>)f! 



m<; 



J*'.- sin 0= f 

. jiLijII ^jLh g* *;, Ji*j oJ)Jl jLj^i ^ £^| 

t#4 fs &* ^r^^ ■ h = mff /(cos 0J ; JjVl <JjUII > i liiU*Mj JffiM 

: J* J*i4>j LiliU <Jj[*H J li^ll 



coafl 



■ m£ tan G - ; 



(V) 

: 7-11 JLi 

J J_£j lijiu) jJaJ J4* (^jfy liiit 
i mg (j ^iytl i jili Ipjjt ijl jaU 
;_jjU]| j^LwOi i_jifrti i^i jjjj 






ijl ±%0 T . U -l*ji yS ,jJuuuJLi 



= tan 



(25 m hf 



47° 



jii ys*j- oils |jj JJI JlJ Jj ijUl j!j£ J r 1^ JMi ;& ^J Ij| 



SjL^JI oljLbj (J* J^>l J^« ill* j* &UI Jltti OjLu »*jS $1 JjUJJ 
u-^J j-**^ 1 Jw* »ji**Jl U-t ^j>^ ij' ^J ^j-* ij 1 ^! jtA j^J . jj JJ U 
iijM liljltj ^ jiill-lif J^*^l J^bu yLS IjI iLUl j^JJl j|i Sylj 
jje 4^4 JLil»Tll J jwi liiJI h-12 ^£JL ^ ^1 lit . fl.fi £>J[j 
J-+ Ltjll, ^ J_wu dLS*>1)f 5jJ sLaJI J Ji>^j . ^lUJI jjhL, U^-.l 
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1 



( ijilj J iij>JI ) «U1 >iJI 



! j^UI JLill &* ilUH 
I jjj s dLil>^l ip j JaIII Jji ifjl« liL^j iiji wJU 3JUJI sift i ; <UUVI 

. , v 7-12 JiAllf gg 

f ijjjll lift jj f ijui jj *jii» jjS" : JIJj 

tjJU 4_±kSl L_i5jl I J] JU; ( /cos 6 } 4^ i^i L^J ajL f SyJl : Ll*)ll 

iuijil jLi dJj5 , (J Lsl <iiUj^ (jj>^ j* iSj^JLj djLhU t^ (Jj* <ilail 13UI 
i mg jl JiiJlj jUJj i Ji-ii JJ jJj L^bfji o*ki ( /sin ) f sjDJ S^IjJI 




Ml 






l\ cos 9 



: 7-12 JLi 

I Jj — laH ji Jiiil Jj*j ii» 
. F, y* 0^ f j»J i* 41 -*! ^ 




f >mH 



,^i 



u| 



CSipe 
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r 



( SjjIj J ii>Jl ) juUl JjJJI 






a h— * Jhf— J*** jifiA (W 
. tVjijjJJl lit yip t^eju/ Jili^Vl 




f jJSBi ^tfi j^ki om i^ j^*j jjji o^jUIi l ■ Ji> 

fjv cos 8 = ntg + /'sin 9 

LAjLiAjj ijjijJ ^JL* <Jj>sf l_u_u ijj_i iul J I ii^il iLa Ul 



F w sin0 + fcos9= 



if 



V o.j*-ai J^aiJl bjJI jIjaj ^b £g*3j jiJIljpill Li ; J!j_i 
F rt Bjillj . Ljiyi LjL*Jl ^dl iJ 4£*]l luilL jj**Jl ItfjJI jlj^ ^ : 4jI*)II 

: o^jU* : LL>V1 

.2 



^ sin + ju 9 F» cosfi « 



mu 



m;n 



# 



F iV ™k B- mg + fi x F N sintf 



m£ 



cos 6 U hi n 6 
%, JI M^ L(uU fi J^l *JjL*il ^ 1*^1 S i^ J7_ v ^ ^yilLy 



cos b - ji sinti 



man 
J? 



»l j> ILtfJl J Jk*^ 
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, 



( ijiij J iij*Ji ) ^U! >ui 



■ 



mtf(*infi+p cea6) 

u 3 — 



IILIIK 



COS A - |i ain 6 

0.636 0.582 
SU» = 85 m/a * 3 10 kmfli ■ 190 i»Mi 



gb ^U jUj#I 7-8 



i ^UUJ L h+jjL*j jj"*^ 4*5 UU> ^lil> oLfrfciiJ Jj (j-Wl ifi*> {J-t U 1^ 
jj* ajL-Jl ^U- j] *JJ jjijuJ JJ iii 4JjLy J-i4 i-ij J jJLj- l>*^ t& ^ 
cutf 1^1* djjj ^sll 5^1 0-' ^*^ j Si * ^ ^J ■ ^> ^ J J* ^^ 
jkj^ pUb lli . 4-LLrt j_& SjJu ijLjJl l^U. JJ ^jj l+il c»-jjJ ijjjS 

uSjIj ■»!* ji JL> ^ J^tsllj ■ JijLi-JI »UJ ^Ai y> rt^J J J*J >* * ^ 

tf+i {\iii J! *i>J *-s oi (^ >^ ■ o" 1 ^ 1 »}**' ^ ^ **** ^1 ^ lj 

j ^,1^ ^jj oUo djUJI Jfc L*jJ*j JJiJ , L. sy iiiy- jyj Ujk Js*j j«J o 1 

^ iyj J* jjJull ^ SjM 1 ^U 3>r-! UjJ ijJ ji* p^i Ji «SjJ 

y ^ dfito J p ^ 5>iJ J& IIS iW &»j ■ f ^' Ji ^ A* *^ 

jji^jl o^Lw fJ U o' J! p* 1 -* ^ ^ JH^ ^ ^ -^ f^+*^ : J 

. Dj S jJt Ou3J lj3JI jLil yJU ji <jSj* LJ^ JJAi jilt ^U jJjxj Jj| 



iuJl^U o3jii j^L* 7-9 



-^ Tycho Drahe ^Ij, y^l: ^I^'jJ' ^ r Lil597 ^j 1C7C f W> ^ 

-aei- 




(ijtoyfc^JI^LJj^ll 



^j^-i-^ 1 <-«Jjl_p *—i_j Johanna* kepler jL^Ujy ^LLu-jI ^'.lili ii* Jb: vLuj 
oljljJl qI &_t jjjljill tjut , 1618 - 160G ilj^^l J^Li. 'KtjSjsil ii'^l j# 

T^Ri 

, *iJHJl jJt^5 j<ulL AhU\ lilWl J^j 
jJ^ cijljj j-1[_o isuli'j^tf ^LJi QjUl ^i ^yti jLi^ljj ^fj|i 1j^ Lijj 

jJjiJ pl_»l LLjIj j_,^Ul -^.i i ojJUjSjII thwJUJI U*aIIj ijiJl i^ii Jj 

* — Will jjill JjJj 0^ J J»-^ C^* ^ J 0-**^^ U£ *4fJ^« S_ji JL> £l Uiki* ^^ ^lu-i ^Ijill til J* tlwj 

' ^ ^J^ 1 O'jJjJ i*jWI 4jjSjll LJL*Jl UauJl ^u^ iyJl jjj fclj i ^^ 

; vkSJ {7-9) iJjLJl jWtfJ Lu£^ , F g -ma, fij i*y* , «f ^ . 0j u 

,2 



m v 
s R 



jl iijUl ckj)< oi o*^ 1 JWAj Pj* J->=*< Jitf . v^>SJi iiaS 



m. 



Oj^rijjji 



{/ M 



H 



U*J 



r. 



2^ 



^ Jj^ iJEJl Jj& Qpi ^IjiUj ij^WL pla X4fjqj 



^.Ml 



R 1 







wSjD 



m 



:7-13 jLi 






m m 

a p 



vP -j-iJi ill)' m 
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( SjjIj J tfpJI ) »uLJI J-sUI 



^H\ J»*l ^ill Jhl u uj u -ill 4—uJ'LfcJ 1 t J ^JLt jfjl ;jljji yijlil lilJJi 

: iU'iWJ »I*J! 4J_jJii y UjUI *S*j1 m**Sj jJjjj 
; Ujljit a^ tfjVJI yi*J i^jfll 



m,m„ 
F^G-^A 



(7-11) 



iJ;l^-JI.:J J-u.- 



:7-14 Jbi 

p'lLjJl i i *W ' 1 -ft $ll*L]l f ^ ■■-■ 



j,J#i>Lu 




; 



*U jj Jji Henry Cavendish ^i^Lf jjjj |^LS jJj . WJ *jj>j11j !+w 
( 7-14 J£jt ) g^iJli' iilji* y^-j 'jW lli*L« 1793 *U G*# ilftk 

Bj*JI jjj liu** "iLfiJL Kjjlwj , luiJl *ljHi m jM^ yJLjJjl v»^jj Jyj pi 

i>ywOdl jjj jS+i i LpaA* in)** m •. M 1. r „ F &\ ■±u>^ , iUtill L^WI djjjl 

jj# lltj . G j-*jll Jjf^Jl J! V-^ Lfi> fi ( 7 - n ) ^ jUli j* W 0* 

: ^ G L.JUJI l^UJ Ql> Uyul ^1 gjj ^WJ ^1 jJ o-IjII cjLI#II 

fl = 6.672x ID 11 N.m^ 






7-4 j^r^y J& 
UiWi iiLlI oiK ii^ ^JjjiiS 70,U kg Lpit Ji' ilsff j*o*J^ 0^/ *^ 
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( Ijilj J ^jjJI ) gUI J^nJI 



lM J* uj^ Vjty k^H jJ^ ( «jladl bji j»ji . 2.00 mm Ujjj^j-i ^ 



: (7-1 1) <Jjl*ig ^Lftl ^jL*ih iy ^ 



F = g"Xl 



_ (B^^I Q- 11 N.m 2 /kg a X70.Q kg)(7g,Q kg) 

(2.00 m) 2 

= a,l7xlO^N 

6h ^ ! Cfjj **i*j ■ ^ - (to kgxa.a m/s2] = me n ^ ^i ^ js ^ 



*' 



* _ 8.17x10 8 



ff 



686 



U9xl0' 



i-lQ 




: 7-13 JU 

m i_* jj iii ^ Sjjj^ Ijji^ ; j! 



, ■ ■ LSI* » iltf JsS 1 l jk felttlf Jg£(l jiJ pj£ Lip 

jif jl*| ujLaJl li> . p^JI .^ ^Ji L^ikl .yJlffltf V^ ^ixj v ;taOJ| lift 

, a*;? 1 ^ £h> yjSJL Lj-ij^l LwJLjJl p^ i*jtlf| y^\ L^J\ ii*i yjj 

. fUJI ^JL^JI p^JS jiliWL-L g yj\ ijLJI il*j j^ib p^J ^ ujjjj 

uMl - ^ VJ^ «' o^j^l nL* jl* m lulls' |j^# iisS 7 -15 J£i]| Ji^ 

jj L^l^iiJ ^jaUl ( y*Ji\ U£ ) ro a jmiw oLJI pi jUei U&p m QSjy 

p^Li pi^o-vl,, . 7-lfi JiiJl ^j tf £ ^\ ^^^(7 11) ^lji 

; j m ittfl jle^jil l^ jij; ^|| ijill pi pjl j^ J^ L, jL*ji 

(7mm _ 
*~ R 2 



F =• 



ffi 



pjl 
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( Ijilj J iSjaJl ) pUi >iJl 



#= 



^1 



(17-12] 



h*Jb__i j_^; Uiu _k . . ' i.u. l ij IT] 4iui iwri^f j\* j' b-J pwiS.ll j J u vj il 

jjy j_b j_^ i JUJLf jjjJIj i £ ji {17-12) UjUI > Jl>^ yijijl 

j^i j^aLkJl jjjJl jj4i J Ji i>j^' u^jJ >J J jH <^J J! *-**•*! ) ■ l^' 1 
. ( L>wistH Jot 4ii t| ji_,^|| i>> jj* ^ji ^ J3| i_l> 
yjij£ (Jfl Jk* j_U lyJbjJl tl^J; jUj 1 ]? (17-1) ibbul iujju iJj+»j. ji*j 

I jjJjlXl nl SjisJ ■_" "■■| M ^JLLU Jlij Uil£ 

Gin 

P 

j m K = 6 Ox lO^kg ji ^i+lt Ijjj t ILL, SUmJ! i+j ifj&U^ ; fejti 
9.8 ni/w 2 ^jL; ( 17-12) SJjUI JL^L, bJU! # i*J ji iuii . R E - 6400 km 



j_>l ■JUL V J j' -^^ J_ij I -"■ ■< ^l> iuLbl _'■ ^j\y-i i p'j jiJL -u*il li 

yj jiuu jj vii' J Ijj Li jjjjy tiloJUhj [jLi jL>J lift . LiL'^J ijLSj ftljjtfJI 
r-Jjiv '-* pj! jLSj . 'JUL* <Ji)l* A^Giu iStif-j v' Ui l jLUl jj H^' 

■ Li*jlj (ipLJj Jj 1 'Lijjil 1 Oii'Jl LlJa ^ ±l>J\ Jj j'j^Ji! <L>jL JL>i 

■J "'■ LujJi^ j-L*j ^iwi'Vi ji» . jj>-jL>Ji 'Liill ,> jljji-L jtfj^l yj43 <£;3 
||;': LJ*£]I Ln.i'il JLjaiI ji ^m (J'jJLjj , t-rtytWi Iujw J V^ 1 "WW 

■L LI . M 

Jj JjiiJl UjUm .-ail ^ *i wu>j ijluJI JjJkJI j'wJi y* '■^'yj^ <ji>JJ' 
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{ 5jilj J tfpJI ) *jUI JjHI 



^J ^ 'JtM LjJI JuU*J jjjj [, Lwt^ 4^jU ii^j j> jJD ji JfllXr *J ■* 1 ;^; ^ 4-JLf 45 'Jo LjJ iujlill <iti1lli 

Ch v/^Lj L-uLLi^ffll ^j*|| j! Jjyjl ^jjiill *jjJL>i t LfSjLJ ljuuJ li* W& iji ^^ <±u* ^4i\ ,> ^Li 
jj_£l L^Uli' ~&Ls Lfji SljiS ilj ^U « .J 1 }/)? w >' y> 'i&0 f*^ 1 ) ■ ; ^»- k^* <^3« *£j> JyJj, ^U «j^ 

o'ilLfw LjwIjJS ^tj^ull i^Iju }j-+*j , jLwi LtJg U^Jai Sj_£ Sj^-j ^j ik*JM Iflilj Jkiuj jji c> Ai*UI iltf ,> 

jjj , SJjUHI ^UjL-jJI UL> jJ jJuj lit jLi Ujjju Jj I j j nil yiu ^ 1Jj*aH LiLi_L*Jf ^i ^ **jJU 
;1j LJiUj+i UiLti. L^Jj Oj^ ^ tL ^ j*l tM ^j ■ ■al^jjjdl jLi^ *IL ^ j^tJ ^Lj JbJI oijll 

(Lb jj? ^j . ijlil ^ I a* UiU lui" Ul^ jjjjJJl ^ *zjL_l~*JI »i* ^iii J jj dta g^j ^j . l*jL« 

rJa— ,-J* gJ-Sj ji ySjirf *)' iJL&ll lid . 1+jj [jAj jl jjlij L" JLii triu 1j_J JC M] i,_iA£i jl -llfttj jj <Jl*Jl 

*U JjJ miMAND ^^ 3^* iU*. r jJJ l£{j voJl Ij+Jj , ^IfjfcJS i^jiJI oJ'j'i M*iJ ^i' 1l|j jijll 

, ijt j£L Lflj JSS1 Lpjfj 
pS jei'i *♦* yj i ^1 ( L* o-t ^> o^L Ji^ viljj <$*L»J| j^U ^ liUi* 21(i yj UUMAW1J jjiy 

Lpjjijj J-lf- LLsL jjiji LIlij jvll oLi*,ij J] lj.fliM Jumj 4j^i! u olyjj^jjj! JytLiju Ujiif 4jI ^l)j . jjjW, ryJ i> 

, tL JuUl - ajjli jLtt ^ Ia> ■.-+; J jJM Aull ,Lii 

^ DUMAJND j^jL* , ciijJI ^^ ^ liLuiioJI ,> ^jjjJJ ^La ^ij «*A» 4*1 p- * j-ii 1 1i* ji jJj+jj Lmj 

JL»j ^ .1* (JLio^l J I Udjjj liit Jj 1 tijjji djjii \j-*i)#) VLlij ^LUt ^ ollujli tU^Jl JU- J <Uk 

jJuu i^^ Uji* OjJ Ja«5 *.jjj! l^Jw dutrt! JjJsJi ^U*j j ij-flU OLlil iLjiJl iLliLUl ^j ji; t jUJl Wj^w 

iL^ljJI JL»^ ^ H L.^ a^ Ji' ^ _ LSjL Ji ij> Uj^3 . i^Ui ^ 3^jj>. S^U ^ J^ UUMA.ND oJ 
L,Lj_ f l liiliya^l Juu oiLS'. UL> L^iij JLu L uJi Ui^'lj L.y,^Ji jjij d^i lu>Jj i^^UI i^klil J ^iJiJi 
jl!l 5_a J^lH jjii J^pJl 5I iCi s Llij_i y iii' Ulbfcj ji llww Uba- j_ji| ji j^5" jj ^ , LU 44 Ij oI>Lb 

, *UT(I jl ii)A> JjJI ijii 

LjUlif^l 7-1(1 



. ^1 oIjLaJI j fj^-jj ol+*j Uit ^KjjJI tfj>J| iJJjl jJil cub' Lojj, 
_ <^u aU)| i^jiM ^sli ^1^1 y Li Jj ^ - PJ ^u . j^i vSij^i lJ^ 



jjuaII «UI j*»j taljMjjjjJIj o 'Jul I JUi l Deep Underwater Muon And Neutrino Uctecter ^ J*?l Jj^*- r i fl 
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lUe^ IU^ ( \U^i> i^ lIl^; ) 



Ji[_^j ; ^Ui^4^ <u ^^ ll*Jfcf ,™ (*■(*£* u (Jo tfe-Li LL^ li-tlj i ^'l *■ lV(i<j 
jffi , (Ui UL* *£ siJIdill lUiii 4(y <Ur_ Iti^t tUJCiJ' Uj!(>i lOf£*J UjUL 



. m m 



L 

tyjL^i tli^o w^ig IliJi^. aljj lit IU^> llt^Kj* U*»L ^ : 







(EM) 



J y m 



,m m 






its CULL l£(5 lu it^ ifelw If uii al^. TEL* , u^ iLL i^ lLu_^ jl^i Hy-^Li 



U T 




%c i^iLL* it*^* 4^ Lii: (ticu ;* 

f^>^ . t.iiil ifc. -*(, ^ 'V**— In 



-ran- 



( ijib ji is'jjJI ) «jUI jjtiJl 



U j_t ^^uiL^j . T = 'iKrh 4J^jJL- Jim JjM /ill ^ ifttf tjJ £,! US 



I v I ~{Gm Bj 



r 3 ^c^Un 1 



(7-15) 



ilJlUl JjS j^JLii ju jijj I jjdj 



7-8 Jli* 

, ^-aLiil UjS i>ji l 1.5 X 10 11 m Cj^j J^ ( L .!> 

¥ 4j^*JJf il&> i ^\ jt jap mj ktjj i5J3l ij^il L* : Jljw 
jpjJw s_s u^jVl jji: lyjil jjSJ! jIjjLj jJj^ |_j jj| 4^jjL>J| jijl* yJJlj : 4jL^V1 

"UjSjJI DJjLLJI iLfJslL i^iJl SOJtJajjj ijjJl Ljjiljil iilj*Jl it J 'il!l fiyij j*jij 

IJisc , L^jl* -iJj^; ^jjl ^l ^h^ ^jitl i^Ul j£jj i*U*J ijJUl si* jUji j^iy 

iu^jil iiolajl IbfjJl Jjj jill Li^Sjil LjUJI frjiUl Jb ijiJI pit £l jl^iJl Uilfc; 



: ^> r 



Gm., W ?ji„ n 2 



V t! jL>J £* JiS' : Jlj- 



iTsSSBSSdaya 



D = 



2rcr 






f*®G5.2Gdfly S ) f 24=P.h V36W.G 
J ^ 1 day Al.OOli 



= S.16 xlO'a 



-2G8- 



(ifhji£j*!\)gU\^\ 






u'i 



3.16x10' £ 



t 

(2.98x10 s m/s) 2 (1.5xl0 n m) 



6,67x10 "N.mVkg 



■■i /i r „a 



;2.0QxlG M kg 



7-9J^ 

sL*J j^tijl jjjj LiiuJ Ij&u i 24 h JS djj ujj^l Jj> jiJJ vIjjJI »Ja . *jjjl 

jjjj L^lj tftp Ji ijfhp Jfi <ULJl jjU jji Liilj jIaj 4j|J ktjw$ ki j J j-J 1 
^^lu j^P'l J._> <i>J i^ Ldjl j*dJ Jj*Jl JjaSJI jU*I g 1 ^ l J^ 1 IJ* i^4*f 

f 4IPJ-, jIjL Uj ! jjjSl j^WjSH ^UJi jIjh jfci J-i **|i l« ( I ) . tiyUI w* 
Ully 4Jii , 24 h = Bfi,400 h ^j li^Lu jJtjft ^IjjJi Jill ijjj :^jW 

(0.07x10- " N.ro 3 /VXfi.Mxlfl M kg) ..(g^,,^ 
4rc 2 



^.eaxKFm* 






r = 4.22 x 1(F m = 26,200 mi 

; ij^jj OjJl ifijJl j\lL Lf , gijTll fij4 ,> Ufe 

^J,(122xl0 7 m) = 3 070m/w 



8.64 xlO 4 
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V-? nu 






'('■ W -ma 






M 






: 7-17 js-l 


wjl liii, 


JtlAj J rt OJJ jA 


j^j 


Jwul ij4j yl j»>. j*L*il 






■ ^o^^V^Jc dJj 



(OjSljjiWjaJlj^LJIJrfuJl 



^ J*j t . Jjji ^.oi*^ * £>U ^jtill «jj| jlj^j tjjjl ^ ■ ^ 

. ^jlil jJai Jud) LLI ^jLy jjl m jiJ 

. w = 7910 in/K = 17,700 iioi/h i f= S060 5 = 84.3 mis ■ i.L>VI 



cj^Ji ftadj jj»iwi jjjji 7-n 



tiLi JiiUj . ^i ^ ^ jiia ^ jji ^ ^i j, ^i 6JjJ ^ 

JjIftS Jjji <jjj j^Bl il^ J t^ ^J U* ; 5U , iUUJl Ufl eia Ud *iWI 
. f-L»Jl 111 Jt>J ^> l^Ji 4Ji ^.^ ^| JyJ| jli J& J iifaj\ J 
V Uj^ ^JUJt sy jjU ^Jl J*>j LfJL ^iUi gyyi ,$ TH> dj ^ [^ 

. f-^JJ iLWl Sjill ^Li jjji ^ jJUj ^j ^yi jtijiJ ^..,;i i_, 
ijJJI jl L^ ^LJJi ^ b y\J Li Li^U [7-17 JiJL aifll 4Mitl 0^ 'J! 



r-TT 



," 



r-w=o 



1 r rt ■ J*^ 1 jJ J-ill ,>■ J-^ iS^-Sj *Jl*fl »j« ^Jj . a- jjfi Uui JJij 

■ 

■ u' J^J JJ** ^ jjtiil C^H y^^ i3^ a^ 
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i4>-J 



{ ijjlj J tt/Jl } pUI J^^AJt 



<Lu-i 



tfjfej t ™ jljJUj ff ^ J-3T t JUL jljil itljlj t JuiJI j» ii)1 jt fed 
. W &* JJl fjU-sil j-wJl jj Jj-*^ aLil ^ujJtj f^»Jl jjj O 1 j-^i Jj- 
, IV - ma iJWl «i* <y f-*N Jjr 4 ^ 1 Oj*^ 6j% 
Laie jl- L^ti ijl- f-*JI J£-i L_-^i* Mj*j'«jfi| ^'y j$ ***« 
Jj W - mo ji iiu*j . a = £ . 3*Aj"ill ^V *M £* ■ LtJ ^ 1 ^ ^j'** 2 ' 

T=W-ma 



C^ 



jf 



T = mg -mg = Q 






4_Jj yJl IjiJl UUjju fci l<jJ jl Lilii; i j>Jl ij^-Jl *i** jJUi rjUL 4>li 

ijmil ^ 5_Jji1 *Ul*II djBI ^> 6^ 4*} . jj*Jl 0* «JD- ^ ^ M^ 1 

. ^jjj i^Af j*ji j>ij j^ji r uv^i p*> jjuj JjJ h^i G" r^ 1 




1 1 

[1> i^L-, itiL_i yUiil ^LJl cw-IS lili 01 ^ lit . &)JI o^J* p^^ 1 
j^j ^ Js. Jlfr i I3*j . ftjjll ^^ j-^ J^ l> ItjLi JaiLJl ^\ ll» 



L 



jj o*p v bf Jji ^ c^ lb}u r U»li o^ 1*1 1* > ji fWi > |J H 1 

! 7-18 JSJ , , „ ■ ^^j! ^ ^ _ _ iifc . | J ^j| 

^iii iiji tyr. *fi>- ^a jnnijj ■ «jj"f* lfi j , Tvir' ^ u " -^ - J '" UJ ^ 

jj^ ^_jti ^ ^w .w yi ^ _ g-ij i^ ul p*J J^ j^ &p Jp jJi isw j 5 ^ [ e a| j 






-271- 



(i^)J*SjfJ\)^U\^\ 



JliJL 0*^ Jjjii ijjj . ( ^Uj ^ ^u*j ll* Ujij ti^Ji jy ULLJl 
^*^j - <>j^ jJW C-L. jILi, ojiis oljL* ttlttJI LiijU! jlyj , 7-18 
. gtil ifijjl -^j ^ Ji j^i i,jLJ| ^1 j^i jU .LUJI J J£A]I b ,> 
J^ jUl ilAJl $ j ^jS'i ^U jf^ dLvuI ^i Litf fc^ Jjjiii jifcj i, ijij 

gUi } JjUai jja, j^ iiwi tj« jj . ^ ja l^ ^jH) ^'i ^. jfi^ 
J-* lH u*h' j-Sj* *U^ iui- o^ *w jl ^iyi ^ ^ ijjj . ^ji LjLJi 

ji pljJl jl i_p.j . L^k* ^j fJ L-«3JI $i *4*j jtjVj 'U*;i jflj £ 1L>J 

L+Ji jjjj JJij i ijj. Lk^ Ciyi LL^ d*lj, j»jj U JS $ j> L^ iJU 
tyJIj i^LjJI ^u JiUjJl : &j> jJSu ^>j 7-12 



f L-*^ J***" jj Ujjj ^ ^Vl pljSJlj vSlp iyJUi liljijji ±;4>: 

1 jJL* J^ L^'j 5J[L .j^JJ ^i ^ ^jJLvj . *j_Jl 4*j»j iiUJ ^ ^jj| 
JljJlj . u>V J^ ^ ^ ^ L, iljj , il^' o ^ - BjL , ^ ^^ 

. j^ii^i lit Jl, ^ ^u L ^j^ Ljiw 

±j , ^3—fiJt 4^j* fL*jl J^a l^i ^p »^jf| « L^ii w Jj jU^ JJiS , oiiLZl 
3jL, iy OLKI jut ^J^ jU ^1L » ,)i ^ ^l ^1 J tlf fJ Ul 
, yii d^Jl ^ illl jl ^jJl JJ *lj(J) ^ tj^Jf Ji.^ Luis s ^i Jl 4iULi 

o\ U51LJ J^>U II ^i . ^uiuui *jjU> Lt.yj ikw Qj^| Lju* *(^JI J 
<j\ jjj jj^ . Jjiili ; I_m^ Cy ±i> IjUi i*» ^j^J S^fjll LJjjJi i,yj| 

, *«^i ijj ;l>Ju ^b, i ^1 
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i 







(i^jittjjJlJpUIJatf 



id x W m/s yj >UjJ1 ^iij 'LaiH ^J .ilj*% 4J-1 .j *^B LobJi i^UJl 

Lilj^ jl jJuy 'j£*j , 4i>*i J^aJ J* U^lifl iCj-Jl boa j-LJ jjL ^JL Jjji 
. ci^b' B-*i jIj f uJl J* jijj *i iuJLfJl jl jj] jL>jJ33 jlJiuLJl ftjiH 

Jt^l LiibJl UjjJI J_J U lilji— i -i j; " ■■'■J OjjJl ftt&lJ JA* JJJ JUJ 

£pui Vj^J i>j M [ j Ij^aju jiSl IfJU. j^w i^jL^viT sjjjj- o_^JjJ ^jiu LnJJIj 

Iju* tf JA« j*+JuJ» . ^-lj__ilJ ij-ji^Ji jjI_j*!I jk <Uivj i*jjj *jli*j ^jLJI bii 
. iuj*jJil Is^twJl |jfl iuxJl ju* Uilj ^Lioi U yiilliJ ■ i^I j^Ui iii 
jjj iiLa jjii iSlt a,AijJl-Uk,'J JLjiJ j£*j t ^lill JUttHl ji j53 U tLk 
lit ^_Jk» Ljitj: . «UwJji*J! JsjIiiJl a—L iijlf kJuJI j is Jl» iJj*jj t jjwi) 

r 
j^i-l joj ■;'" ■■ Ja3> ui ill <_jilj iJ jljilsii Lfjii *Uj& Bj£ Ujjiil 19 UjI jjjiil 

JJj ji Jj-L J UWI oia y U Jo jj Jji |^ i . ijjtl J»- jk jd*w' 




Vi i 



: 7-13 JU 



jjs j-SJj . Li*Ju jjj^ jl fj jJ<j Tl ijiil Js^ ,1c k* JS j 

4JjjJI* i jr ^U iJl ^liLJ ^.-kLJI ^ jjiJl <ji *%Ilj ■ SjSJI rk^ jj*]l iuJl 
tLiiJ^l J ■*■* Sujt£«l i^j *i JLj , =>u>j^1 .pt-J >lj*iJ *j-jL> ji Jj*v ^ti^ 1 

_j S iJjjLti » t JjU jJJJ f-ljiJI jl l jtiJl *LjsiJl jl j>M-iifl iJ^ U"J*^ 

^ fljill J *U>^' Ji-JJ Mil J-^j i) O^^i rj 3 ^ ^J ^ *pk J ^l ™ 

, yjj a^U lj£Ji fUi tjj^ "t££)l ^j£i Ui* Lii L^K* j^ i-UjOIJi jIj^ 
Jj^Jdi f-^Ji jU* ijt^Ail l-u-ij g^!l *U*il ji J^Ji iS*i u*U^I Ijj* J*j 
yLJ HJj j_U fLijj . iUila Llli' ^j ^jv j* vj^V ^Jj* ** (fc^-J' J*^' ti* 

t '^lU » jl Jl lli J] jJaL (JjJ t >« j^ ^jill u* k^J^ ^' ' $P 

pi &l\ Jjj . »_i*Jl ^1* 3_jil!l ^lililJ* v^^ 1 J^ L +^ ^?^ ^*" **' J 1 * 

. u^JI jjs WWI fl/Jl 
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( Sjib J iij>U ) gU!| j*jji 



jl &L* U*jjl jtil . p-j — ill o(jl_u ^ y-iiiji jliil jjjij $\ JjUJJ 

Lj_LiJI fcjli. /33 . jjjjUi £j})| D tS |jl U UU ^ <ie jtay ^j^l! Jljill 

(^JLiLI ^jijl Ij&j o'jj-JI jj^JI jie lU^LJI .LjlikIL c^ Ju ^ii i«ji.i.J.I 

r 

jl£ I j-La . Luj£J; JJ ihj? ^ ^Jii\ ^ ^jJJ'j b^ jit j^u »^o &j tiuulil 
■. *j_lll jL^ jjaj ^l jji i _ r iJj1 4JL1S ^ vjilLj pljiJl *U>JI jLj . Lbsi fcf yj 
^jJl jj^j ^ LIU yj oJ^ i> f*uD ^jtlLJI **jil l*)»j jj ^ ^j 
LaJ |iliKU^ . 7 20 JiiJL L4« i jbLUi sjjj | j_*i*Js_i It ,j-*JJU 
4^*« <Ju±>u J4ib tjjjl J* jljj j-*iH i)l JyJl 1ij5.il; ijj^^il L£j^Mill t'ovjill 

J"? l*"i ij"' lA*) Uh^ O - **^! * iVJi^ *^J^" 6>^ jDj . OjLls »L*jl lUIb 

£ uJl< lh£it \xj JelllJl lit 
jji <^oA)l j^>-j ju* ^ufcill ^15 Jt^S ijjj. »ijill ^ ^15 J919 »lc ij 
i>jj. . Hyades j»*jjI-jA *— <L *ij_j— -LI i*»)UI *j*Jji a^j**j m **Ij ^u^ b> 

, ja^Jfl j^b Gai ^1 f jA tUli^ ^^L * ifeajjl , tJS 5J[ ,L*jl j! j»jj 4^U> .|^ ^jjii^i .Li J J Jt +L 
J! <L> yi LL-I1 ^ oj&j ijjj. V^ f^ Jj*^ 1 jjijll u'j ' **»C l-74fi jlji*j JLLiJ ILL ->ji; J yc^ 

jjl-ou qf* L-ni oL? 0**^ ^ Jij cuU jjoJI ^j . { jjli Lllifl ^ JSi Lljj yjUj ^jjjJI ^Lj^Jill aJxL.vj 

J " " Ljsli>l . o±^;i i-;^ _;LyJ^ ^ j JLjL. ^%^l ^iJLlI ^30] Ln^I 

ili j^oj ^ jli/Jl ^LS' j_£*3 ^ . J^jlj^Jl Jlii JJ iS^^lj Li/i vji Jj 

J LJUit Ljjh^ J.J* j>i ^ jjy Lyj i4^I ^Jl oLUJl ^Lli Ui J i ajiLkJI 

. <5U< ^ 0.2 
jJUt <-*£ jLiUl ji jLJ^Ui JjLS' ^LiSl jSl^JI -^ 191G ti« ^ 
i_*>j fa* ibU UlS Ij Uj^ ijLj J^jJI li» U; . *LaiJI *Llu*0l ^ Lljij LlLijj 

■V^J— ' -j 4—)l <Ujj| n_^-JJ1 ^J ■~*!jt'l P-l jJftl! \±?.±J.' tlliJl -^j ■'; [jl li'f'i ll» dM 
. *— IJjJI JJl , j"— ' " "Ljjilj 4JL-jj |^j Jjl Jju .^tfj AJj LjJ v*J lu jjl — b ^<l 

; ylWij jlwu i^ <jLJI il« 
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( jjilj J K j>JI ) ff U! >i!1 



ggtf 



lj^JI 5JJ5" ojLj M cOtf IJJj . 3 x 10 e iii/m LijUj ^ «j- j 1 ^ e <iu> 
jj i- J jr «>ti j_£j li| i ^TyjJLi^ , 3 km Jfj_* jjL^ ff fll 4*^ 

ji *_<_*,; k.'XJl yjiu ^j , *lj^Jl tJjijJl ^jAwj jfS JJiJj I iiUsJt |> £p 

^ ^l oj-jj jJj . y-uJi <m juJ Sits jij* ^ jfii ^l; ms j£ 

ji ^ f*j)Wj ■ j-k UjJ ^^ ^^ Lji* ^ ^ Jl *Jj*l j*Vl ^ 
Lfj^-Sj jjj! ii5L^ Si U»jJi gli iijjLij iLjL I^JjaLj j£*j V >1^>^'I si* Ji 

. \i> lijis U« **ii r^! J! i5-# lj' •»$ ^^ ^ & 1 * ^ r 1- **^ 1 ji * 

ji aJIJIj . i^jjS'l .v'y" j-^ i-"3W ■"■ l ';/ ,f:l1 JJ*!— «aj U^iS j£*J o^*j 

LlLljj ^j£ ji lo>l CJi*J Jj| Cj^JI l*^"ill Si* Jrfj r^bj ji ijuljlll jIjp^I 

Lijj^ij jluj ^ Uj jLj jili i 4Jfc&l J>>w j5ty ^juifl jl jjj J^v lw ^^iii-u 
jjljjijl oL* JJU jj-ij ji ^}J *$ V* ■ U^J f Wl ^J^ 1 6y6 i^Ul .Ji 

. 3jJj5 1>jJj iLity^l s-L\jiJl i>uly \ji^} ^J*J J! 

JbuJl JUI 



; ji lyts ^ ji ^^ JjiJI Ija iy+jl ij pi 

^jj,\ ( j) . 4A-,Loil iiUl ( j ) . h^i ^>*I1 (_^) e LjlJI ^^J 1 (v) ( *</^ s ^" ^^" ( ' ) ^-J"- 1 

, (j&J! l+Juu Ji oijjjll ji Ljlrtll JjO Sjejiyi ji LiL^jJL Ljl)Ji Jj^J. 2 
, J1U1 J* J l^luii-lj ^jJJ ii^*U ^oiJI cjTIjUII ^.3 

. tLf A*jJl L^iaj Jl ukiJlj IjjI'jJIj LjLuI ol^dJI Jjyv - 4 
. ( kiJI Si ) s_Aj Jp jj Jj£ill JsuiJIj ijW ^iU*.'* Hl> ^3 4jIi>JI O^Ij 4jjIj)I oLwilliuj- B 

ojuji jjjji Ji-oe siW ^wi 6^ or 13 ^j y tj j» d ^ r^ ^ ^ j* 11 r^ 1 u* 1 * 1 '^ ^^ 7 

. Jjgfjil <jjWi tUJL. l^jll 
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(ijiU J J4ij»Jl}gUIJrfAJ1 



i ^i jj UjL^ ( V ) t llb i*^ u^j* ( i ) ^i -,Li ijj issa ^ ^ jit yjti *w>ji ijSi v l* _ 9 

, Jjl^JI si* ^ LJjjjJI ^ ^Jl jJxj IjU -«ij2J ^UJI 







: ^j^ 1 


OyljjJlj *iiill oU>jJ1 






« ■ r 


G = (j r y7xl0" u iN 


,m 2 /kg 2 




: jj*ti\ Jlsj ^LLH 


1 rad = -F- rev * 

2tt 


- 57.8" 












4jljLI ^jLsj oLL^ju 
: LiijljJl ^LiJI 


jryil Jjt 








id) = — - 


r 




(7-1) 


At 






(7-2) 
: (a) i^jJUM 


At 






( 7-4) 






: ( a ojJ jk ) Ljiyi is'jAlt ctfju. 


0= IDf 






(17-5) 


flj, -<£Aat 

i 1 






( y 7-5) 


e-jfoS 






fr*7-4) 


2r/<? = (0^ -to 2 






fJ 7-5) 


J 2 






(J 7-S) 



ciIjWI t-UJi J [Lirlj ( i>jj i ijjj 1 ZJa JuJ LjK ) y*|$1 *« Jfy .Jbi 5,ijAi L^ l ui* "j 1 iyljJI iLliJL 1 
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( tjilj J tej>l\ ) vU! JmoaJI 



. i*LJl wjlis ^jljjj iLkJi i oljj-iU JjLiVlj . oUI ljjIa^ 

. ijlljji m j[jt j*j i+fcu iLij: juC CjuO *Lj I! jijiil iib Uj^j r UJaJ J-»J SjJIj ji JjJkIII i-ljJI 

b =^Wr (7-9) 

' r 

: lij!U I _^jj j*i 4*1*; I V ^U *-i*JI ^ _>fy jf ._j^ i^+* oykdl SiyJi j_j5J j5J 

(7-10) 






j 

4*jjl oLs^l J* ^jj*c Lij'j Uj"i <i*j" j'ja4 jj*j "Jj {^*il jk SUA JV "i P, 5jl' 

F=— ^ (Ml) 



j.uill Ji ii 



LlULc j- jiLu L$_jljj jJaJ L^-aJ ? ^ajJ h^jilj JL» U vi-s , a> jtjill iuli i^lj Icyij Uj3>j Ji> ii*c jjjj. 1 
t Oj^Jl U**Ji (_■) i 3_jj^l 4£j — JI (w) . luLlI «jjl ( I ) ; r *_■ Lmi' J-5j**u JLj5 jftlj jSjtl ^> 

. Ittfjll f jjLtJI 4I*jJI ( -*) l ij^Lili iUJl ( j ) 
^ULi a*-1j5 ^*ilj iiU.1 i 15 Jiiflj UL^il oljtt^l ,> 0>_>Ja! jujj oljltL LL»Sl ijLJl oljij JljuiJ jis . 2 

. LLutll o*lj»il jj Cm>jJI WjtJl jL*jJ jiu J;S" r^ 1 ■ ^*-° j#* ^^J 1 

b^4 jW jljy jl ^ **y . ^1 j| i+i^j JJ ht-h^i ^jUJI r jlj*ll 

JljJ iui> LufcjLJJl IJUJl J_l£ jLmJI jilSj fuL&i j>uu jLj ^ ijJU 

i-U jk o*u t^ili ijJll «sl . j>i ijjjl? ol J jiU j'jj-j yUu-1b 

p 4j5ujU*j jI 4JLi*JI i J jail iJ^>\*JI OjjJ jiJU- 6 




7-lf Jii 
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( ijlb J iSjj^l ) «Ul J.flifl 



• u*>* ^ ^ ip "J* ^ &l-J)l »*#* *^\ «JJt >: Jlj5 , 1.67 m/g* jjl_j ^Ul Jb ImJL*Ji <1^ _ 7 
gj* L . ■n.g'.g's. .» Uj* Ij» <J*.jJjJ il'V«N i g = 9.fl a^e 2 ^y* * 5 § UjJ LSal *1*# ^a^ v , -^ ^3 . 8 
! j- 1 ^ tf^ s ^ '^ ■ lj ^ ^^* 5 r^' ^ ^ G' e **^ ^jJ* V t^J^ GU* 0' ^ ^ i/* 5 ,iL > * ! J* 

, ^Vl tttf jjjJKl 4j_jUi si* p^iiij . '3&x 10* m ojLj J^ jU ^i ^H\ Jj* j*Ul jjjj _ 9 

! Ljjij j-yLJI J.-a^, ^j cwlsT L*iU SjAi illil ij^JI cw* 1970 .b ^i ^1 j| 13 jUjjI jljJ? *U5l_ 12 

ijjjll fl—^J^I ii** jjjIj ^^^ »j#*l ^iiiJt JJJ aLfcj t .Lull J -v-s^jl iUjOJI ijj^ tit^ jj^q , tLaiH 5* ±uu 
jijVl ^ Lf_l*^yj Jj^ ^jji jiil 3±^v ol^hil ^a L 1 Jl j ijj* ^ JjS'i J^VaJI ijijSJl jj^ aw ^ 



JjLoj 



7^ J[ 7-1^*^1 

0.67 rev £*) i 2£h rad (*jj ^ 32° ( I 3 : L^l J^ UjjJij ctljj) ol>jjJ^ ^1 l^yi ^1 JS j^^- 1 
, 1.35 rad fa) i 1%'' (o) 1 0,29 rev ( i ) ■ i^trSJl J-al y^ttj or^Hj c4tyity Li^ blj^i J* J5" > jju;_ a 
, iiLJi J^L Jfi 2.8 cm Ujjj iiU jiOTl j£ U*^>i ojuj U^al> Jb i^jj 65 cm La^td Jwii cJ^ *L%*t J*iJ_ 3 

. oljjjJIj oLj-jJI^ LjLiJl ^La, Uj^L L^l !>c ^ . HauJI 3*y ^ jUJjJl j(j> L*_ / ,a>j Jjl jjjljjl j>ji 
j^ (j^a*4JI LjljJl jufijl . -kJI lijjJb Jb IwU* 4,1 cm L^ IsLAU 33 cm U^y ._^^ 5^ 7 ^ u if ^SlLit. 4 

. 'liii JiJ oljjJLj iuL> J£J <jjkiJl hJju V'^V ^ ^^ ^ j*' J*" l t'/ j ^ ^J'}^' ^j-^' ',' ' J ^ 1 - ^ 

, «Ul y LjtSJl ti*J LljjJLtj 4^13 j£J cjI»jjJIj jy vL ^ .jjljjjl Vj 5j«J iyljJl L^Jl v-><- 6 

* LjiliJl ^ lu^LiJl J_ai L_£ljj5L L-jl^l L^j— ^IjJU L ( i } , 33,3rev/min Jj*« oljijj^a iJljk-i &$ . 7 

? 0,22!i a JjLi. iil^S'l ^j: l^UjJL 5 rfii ^jlj jL (^) 
BjjJU Lijlj isLj (v) ¥ 'Uy^ J-^ ^jJ^ 1 ^y Lflj^JU lwL> bL J oUUI uj^ H^IjJI ityll jt U f 1 }- 3 
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( SjjIj J iipJl ) juUI JaiJI 



jiaii-L-^ L . 0.77 a J±_> 33.3 rcv/min V)^ iylj ii^ Jl jj&J ^ Jl^jiJ ijljjfl dj-^II fjLjj . 9 

f 3-uj. <*& J£J LjkJI i_LaJ UjjjJIvj l^jil ipW ji ^IjjJij ojljil n*-Ji 
L,yj] i ; -i r = jiii L. , lftii ihjt» gjjUl J! 313 rev/min Jjw Jj*S Jl^J SjIjjJI udill &1&- 10 

. ^jjl lj* J^U oijjjJl jjj (y) ^ 4*113 J£] oljjjJb L^3l*e ( i ) j*j1 . 3.75 rev/min 

iLti ji Ijj :-,! I Jl ii** L^u£i J v*i y^ t **0* ^ <-& H^ 1 ^ W* ) MP' ^ [ J lji * ^ ■■• ^ 

f 7.0 rev mj 540 rad/s UjIjjU v'jJ j Hr* J! u*^' ;> 
c«tf u^ jUs i ^>;Jl Jjj J^U- 9.5 rev U^jl &fi (ijj . 18.5 b J}L> $y&J Jj ii>L e^jy U«« J4. 19 

LyljJl LUaII tUU ( i ) J*ji . 17.5 s jju 48 rev/min jj Lf^ ^nUy 32 rev/min Jj*^ jjj3 ^ cj*jU , 14 

LiyJl J J* Jjji i* — l|Lj 0.76 rcv/min Jjjuj jjjuj 95 cm )£jAI o* if^j Jjt jj^ Ji* o-jj* - 15 

; L«% 2.75 m *Jljjj [jib jts iJjJ Jib by L* . y.f>5 rev/min Jja*j ( j*^11 ljUI ,> ) J> IjIjj jjJ- 16 

V L;LiJl ^i 

? #jS]J [&*■& ^11 C4>dl JJJ i* , $jM OjJV Vj^ J* 15,6 U ; i iiU 23.Scrn ItjU ^ i/ ^JH, 17 

♦ 550 cm btji ^Us jj^Jl ^ UjJ^ iU*i U^j: ^l iljjJI jj* Li i 72 cm tjU- iU* Ja $ ■'! - ,fi 

? &5 cm Ujjj ^Li' ijj 4f$jll ^ ^yJ ^jl^i y**Ji jIja* U . 0-376 m/s 2 Ujjj ib«j *^» dJ^OJ . II 

LjjIJi " >- l [ ii ■> <J^ cwLi Ijj , 43 cm UjU t_twil Ll^t lib* _lf iijjtU J-pv oUl»p lb »— * m^ - 20 

j t*iji ^ii Ji) jbw^L> ^l y*j jlji. l*» t 0,36 rad/s* 
Lx£ , 4^111 jj jLu% ■. iljUll ii> Ji* !>^S *ij» «/- I* ( I ) • 6 ' 37 x 10 s m lSjU; ^1 v Jrf J^O . 2] 

^ i)Ul ? l^UII ^ jLi^u UjIoj ^ J*,Vl Uy jlx* U . <, r , 365.25 Ji' 3^ L> aJJ[ J>> ^Sl jjB. 22 

,1.5x1011 ^Ij^l 

^U s J^U J3UI iyiJI JJ> L , 0,71 rcv/s Jjx*j 1+JIjjj *LiS] 35.5 ett b^ r ^ iil> J>> Ja^» J^ . 2^ 
Jit Ui ( ijfjutl *i«) ^Jl ^ JiL Jwi JLXt jLi IjLi . 2450 rev/min lU* 7.8 cm LajJJ 'Jw ^JJ-34 

. 5,0 a J>L> JjJJi^i 

.i^.i . SjLj—Jl ^Un U^jJI jj Oj+i-lj 27 m/s bjlji« If-^i *Sj*w ijLj ^ 55 cm Lajti <Jj^ c^Jl - 26 
, 10 j ^UvjjJIj ^itStl ji ]^tiH Juw tjlj^lj fcitSJI ^ cljjJL U^JJ ^1>tl UjJl jIja* 
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( SjjIj J SijiJi ) *lji j^i 



U { I ) < 38 s .u* liJi^i 6.6 m/s L^ « Jb> Uile *U&L j-aLfcll ^i 62,5 cm L^M*£ ^ki i^-ljj 0L4 _ 27 

1* 21.5 m/a J| L^j-, jlji, Jjfj ^ ^Lkul> cy^Uj Oji-J 1 i> <S>JI 72.5 cm L^^U* jti ijU. oiju . 26 

jyjlkl* Aj>-jl ( i } . 16 h J^Li jj5i-J| 5JU. jj J^ji (.IkuL 1660 rcv/min Jiw jib ^ i£j* ^LLLl _ 29 ■ 
6,25 cm Lhjhi jj ^ J**w jjijll ^S Ij] f v ) , Ji^l Jfi jffl L*jli jSJ! ^IjjJI jj*j jfi^i jjljJI 

? !>_}JI lit J?L> HlhiJl ^ tjll ^iJi jaJ| J Jj UJ t 3 Jj*J i <J^ 

lUjJi L»jjjj jl ^^ jjjj ^ . 0.1G cm j 0.65 em L^jLi Uj j^l J UaIa*I yU&u jUAL* ^lll** . 30 ■ 

? 4.5 rev jIoUj S^jJOl ^jj Ujia J^iWl 

lfJ^« jJj'i OjNl U^Jl ju».ji , 23,6 $ J* 17,5 m/s LsjIjL. lt^ Jl J^Ii ^^Ul ^ Ij^ t,UJi_ 31 ■ 

, 0,40 SjUJi iJL>Ji jja5 JLu . JijiwJl PJLft J iL*jJI Lftjjj; Jl CjUjJI JJCj 

Uiktyl <*j^ > f UiLL ^»l22l| ^i ii**JI iii^U ^jj| ^jj| J^ij . 44 era L»^J ui^ il*e ^b ^ ^j^j _ 32 ■ 
»Lui l^jljjj jjjj ii^jJi ^Uj ^ J . ii*jJl jl* j,wJ| ,>* 29.5 m *pii Jjt j* j^dJs JJ 1.8 rcv/min bjJ 

7-7 j 7~fl jLwiJI 

ijxJI jljii L , 21.2 m/a Ljlii« 4*^ ^j» '^1 37.5 m tja Sa> jjhU J 1420 kj? L^i*S djU-i -_.^j ^ . 33 

f L*j.L« ji cjLJl ii>J L^MJI uj^l 
jj ii^]| kj^, jljO* jLS' I jl , 7EJ cm La^ Juj itisl EjjIj J ha> JjIj ji A^ii 380 g UjIaL to" jjjj . 34 

, u JLjJ* s^ J-i| f JuJl ji iiil jUk L, » 7,7 iWb ^IjJ! jUI 
. L^i ,yji jali ^ jijj il^jS J**; jij 16.fi m/« UjlA Itj^ 26 m o^ J^O ;>>« jL« ^ tj** jjjJ _ 36 

? iyjifl ^ 1 ji> jtulij Sjjjjfll ^ )jt>j vjWl Jli*>VI J^ld uSjiJl luill ^4 L. 
jJ i:^^ oijj , 30cm Lb^ lj^j uiJj^jl ^l£*/J 'Ull ii-La-J I ^k 22.7 mg ' j"'"< i^ iji> J^-58 
j_ r i>J^ j^ p^JI Jlil> , 3 , | JjLu jIjaj L. . 33.3 rev/miii ^4* ubull ii— l! Jl ^L.jj ^.^Jl ^ (iw jljjjJl 

5_iii i^lj ^ ^_iJjl Ijjh SjIjL ^iJj ja*j jij , 5.3 g l^i iiJLsgiJ jjd^ ^yj \£>J\ tjjLiuJI jj>J ^-37 
li$-J ijjljjjjl i^vJl jljA* U v 11,3 m jfjjJ* j*>jj i>*>wJI (1» J*ii jjj uLJl ciilS lili . li* Lib i*^ 

Ijj-i^ 0'jW ^^^ 0^ 1 JJj ■ *^'j ^ ,lJ us* "^ ^ ^ j* ' lLil ^* '^ J J 4 ^ ^' ^j^-' 1 " d ^ ji " J^ 1 i> - 38 ■ 
jjjwJ! L«aJI ^ U , ijLwi iji ^ y*f jJ# Lij l^jli* JjJI j^s! Uju* jJJI ^ iii^ ^1 *Q< ijli <jJ15 'i*^ 
. 0,72 m Jjj JjIj J ^jjit I 1 *^uj J iL>JI ji^J iyl |jj ijStjJl Ij ii* dJjj u^ jljil 
^L . ^ Jj Li jj: i^jli ^[JaJL v^j' 1 ij**i i) { y^ 1 j* 6^ j^ 1 ) ^IjuS^i jA*a» J>i J^_ 39 ■ 

t 30 111 Jil ij jj tL^J^I Jj Jj a IS I il L^jJl iKaOS ^1 uo^f u:^ 
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( iy\j J <Sj*Jl ) «U! J*ill 



jjjj jJd i_L*w 5000 rev/s l*;kii« ^jlj iaj-y JjL»Jl jljj iiiLtll icjJl c*1j tfjSjil J^l ij-p-f j^y ^ - 40 
Bl 4jJoS jm-*> Jii>J i^jSjll <jJi^JI JjJU< ijjlj < ; JjbJI ji >*-> JU ijjSjll tjJWl il»*Jl j|j** U . 15 cm 

J ,jLi*f 4_(j*Jl (j_i £[J jjjJI ^ iL? -iiji> *jJ* ^i UiUl ^U^l ,> Uj^J »Ij**Jl jiill olji' $ (j|i«4J 
i5jS^» Jjk 3^ ji *jJl ,> &tf ijljl v^! ( ^^' ,J .oljjJIj j isj-i jIj . &L »JI ilJjJ j1* Ijllit — jjj 
yjj jj Sjj 1200 i^jLj lJjMj jLu j* oUj^I JioO ^j^JI i^jSjJ wjlM aj*ll ^15' 1j| 9.5 cm & jsi JLaJ 

V jjSjll jjtfl jl** yji JjUJl j> ^Uj-**J! J-iS (ill ? mg p***ll 
j-j Jill i £ ,L_ Jl iil ,.LLl ^ iHiL*^( 3 J* m 3]L_JI *«£ iuLS I J[ w_w J^J? L ,J> ^l>vJj J :jl>w uiiwui . 42 
V 31.5 m ^jj^' J& ui^ 0^ ^J r^ l+*U*wl |uj ji* SjLJl dj*ir jl L^ Ju^j jLi t 0.5B mg 

7-9fcJJI 

j^j JjLiJi ujiL^Ji I £ xt)\ . W K m jji> jj 3jls3 ^IflJj 1.67 x 10" !T leg *M jy^U _^ p*** [y^Hl - ® 
. ^jSl JL: Ojl/*^' jj# ^' ti4 Oj^ ■ L.Q0 x 10" 1 m I*+jj£jj ,>u is LI I ^iyj* 

^ >£J I illi' . ^Hl mL* is J i^r'u iL*3 J «JLj 70 kg <jJlj lJU; JLt j**I1 Lj ^ .yJI IujI*JI cjJ ±*jl . 44 

. y*/j< Jj^ J# yJB ujjtf ^' *J* v& ■ 3.8 x 105 km yipl! 6i jjiuj 7-ftx W kg 
J j*jjl U^ Lf-iic SjJUl JJLttl v^ 1 ^ i^j^ ! ^ 1/* *^ ^" j** 'J^^ 1 JiJ^J 1 v^ 1 *y uj^ - 45 

. { (J380km uhJjVi Jai j^j ) . i^JjS'l «k* p* 5000 km jIjIu ^jj jlii 
LujLiJl U*i j_*.j| , ^Sl j-ki jji jJ bj* US a Jdi i_L*Jj ^jil HjS jJ 3^ 314 UlbtS y5j5 u s_j^l - 4ti 

i j^LiLi \jiJiW jr&-\ tj-uSy ijl j^yj , -^ iPj^ J^ LuJL^H *!** j^J-j JjL-u jji/l Jj 4^Jl*II ILsvS . 47 
. ( 0.27 R E jjjJI ^Li ^i^ $ ^Jl ) ? H E oe]i\ jti JLO 4J"Jjy j*91 Ja Jwv c^ ji v^u 0L» 1 i-itill ^s 
s^jt »j^iy*l . tJBOO km >Jm Jfi Juw ijljl* Uiii Lii/j SO min Jij ij*|j lj* jij^l Jj> ^ji «b" jjj^ . 48 ■ 

. ^1 ^ jLv/i otiUl 
1.88x10" m^uMi jU j Uy. 16,8 Ji" jj. j oill J^ 1 y%^ ^-j . !i^ ( -i>' ^ a>I j»^ - 46 . 




V^* 






7 2 f JSA 



tijtJ (jjyj ij*\ lyh jj i"> JijL jj iii* 4f)0 g LpJl! Bj£ O^jl . 50 ■■ 

■T 0J5 J*#3 ^ ■ 8 - G n^ »> ijJ[ j* ^ L * i1 ^j- ^^J l li2S w ^ 

jiJjj t 3±j ^_s "ijjjj Ji>^ jjljj <^ J^ y^j 7-2* Jiill Ji*j - f>1 ■■ 

jjji JjJJ^Ji jl AJfj JJj . 3— ail I 'Sji ,> 6.H m Jjjj Jaj Jj: JjiiJI 

L»jij£* 'LjjIjjj *jij-«j 5jJib Laill (jj-£i Lj^* ^jIjJI « 9 ijjfj UJU 

, 0A*ji . 0.045 rev/s 
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7-&{ Jii 



(BjJLjiUjiJIj^UIJ^JI 



4_^ 



6-, l^uj oils" L*aU L^JI fr^,j 7-3|i Jia^ ^yil 3j^Jl JjiWl cj^_ 52 

. coa = 2/3 ^ t LjljJI & Ej£J| _L_, *, ^M\ 
SJljk-M-i ,> S^wO-Ji tji tyfii . i^Lsi 3j«iJ lk« U*^ 7-4* J&J! Ji« _ fi3 i 
H4^ ^h ifJ* U-L>^ uij-^; i 3D km l^jjbj 7 km U^Li «UUl ^i U^U 
li> jj Uj^ki J*_* jjjj SijkJifl tut g$i L*jL»Ji StSWj ■ ^jS'l ^JL 




M f J&> 







7-5 r Ji^ 



cOLS ^IaJI ^ , r J[> LuJI dUI i^ij ^ L^ <flj-fl| 1^, 7-6 r j£Jl ^ Jlf j m il3j>Jl . 51 ■■ 
J! JjJ <iW j-Ajll <iDj j* dUl > _# if c^ ImII Jj Jjrfjll ^ w ^3 Jl miM l^SO 5i£*» i^ 



-2S2*- 



(5 J H, J j5i J *Jl) c .LJI>i]l 










ii 



6 f Jfc 



j4s Ujj »UI a-51jJ jyljyi &&II U . >/Jl ^ ,> 10 mi »jj3 gUSjl J* ii#UI ^ U^ I*^ 1 »** 

J SJLJl JB J IflOftyi/Jl 

5 i* . ji^l J^ jjJ 1500 m »jj* ^jl Jf 40 m/ fl a *M v^£ <J*-H *JK li[ 57 ULl > #1 . 58 

*j> y Jj^l li* i osii ijib ji ^jfll Djbji o*Ii ^ ^UJIl^JU j^'l JjWb 3iy i d&Jj . A3JJSII ^ 
Ifcij i 4i> »Ul d^ ^jji JaAJI i i#$ **J j| tiljjjJi «j- *# LjiE ^ &^ ] d ■ 7_7 f J* 4 "* 
t L = 0.6 m i m - 500 g $i jijisl ? iflj iJ*i Uj^ Sgl)II «jJI J** U * B ji c* J-*jH ^ f 1 



/ 



s 



N. 



A 



I r A/j I 

\ v ; / 



/ 



\ 



/ 



/ 



7-7 f ^i 



1 ULti J aul# ttls JJI pL5 ^ »j^i ifcJI SUl* llli^l ijUJJ 4i*W> ^— !| ^^ *jSJI '** 
ijl^i isutS t* r ^U , JjUJI ujj J! *LrtL 6000 N ^j3 ij* ylLdj Sj^l &^- <JL* ji ^ ItU^l 
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lit 3j^j ***» Jut 5 Jill »jiJl iaj j ^j'JJI l^j^ jjJli 
jjj_! t*ji*j . F = ma : Lr k»Jl tfj*j i^j |>»**Jl 

jjj iJj-^i . *4j1j ouy j«o*0* JJJ lS J»aj ji ,j5Lv 

UjU* L^Jut J-jJaH Lyl^Jl itfpl.l 3) J— aiJ« fo ^ 

4jj5 jJ LjljJl iiUi Vj-^ J-" 1 ** P-^ 1 J^ J*jP' 

j^J jj— 1( , jJKtjJI j_jI JJf jJj<mD L«>UJj JJUJ 

, J'jjj J>*? i**£j 5$j> **U* 




itj$ JN>JI **£ $ 



C^jjil 45pJ1 Utfy JUft 8-1 



ill* 8-1 J-£iJl ^ Ii#II <i^li . H> utt jiii [ i j^-*U ji jjj J J+-J ( i> 

4j» till JUL 0. l *j Uji !*>* *l t Jialt ^ «, *>JI Ji* i Ml j* 

ii &±u J-*S ^i>a, »pUi r U*S'i ^I^JJ LiL-ljj l*U ■ Jiurf JjLj 
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( ^uijjJi d^i luij iiLWij ja*)i ) o*iiJi ^1 



jy^ Jt> Lyu ^Ijjil ^kLJ l^ifj i LloJt ^ 4#U U*s 8-2 JiiJI Ji, 
liU j_U Jjilli kjiJl jJsF jJ; 3p j_}£ Ujifi . U&* * tfMl IfJIjjj 

4L-1I31 Jji-JI J_ii]( ^_k^ dJLaJI (Jut jj , jljjjl ^ y^OI |j^j- J^ il^jjf 

F Uwly J|i#ll JjLiJI = Fa 

5 0*; *WjJI lP* *¥* i S SjiJ JjJs lapJI uj lli« I? UjJ Ljlj iifcjJl jljtJjj 

jj-muJI J| J_^ 5_uill si^i s y* ^jAjJly . (1-7 4)jU1I ) s = rfl ^JjUIL j 

: JjWiJiiJJ.j'ili 

M)'j JU** '-'■^ *-^ J J | ^r-i* JjJ^I J*-^ 1 u* *ftUJl J **> h {pi ■ il»»«ll 




5-n 




W = TQ 



(8-1) 



uLJl JjjX~j LikkJI iiiLJI J US . oljjyjJf »j-*j Jj^-"" S-jiSi $ oLj 1 " 

jis 3j_JJI ^JU iLuiljj JpJl jAiJl ^ ^( L-iau 4JliJlj JiJJl LjfiJ ILJj 
4ij*JI iiUw ylj p* i5j> oil, iji ^j Jj^j i^> yti, jjjj J iL»Jl 
i -mu J ^4 LkiJl 4^^ ^1^ p* "6j> iJUj jl jSia Ujjj . KE^ i^jjjJl 
: 8-2 Ji- j ijj | KE <jliij^l U jj| ^IL ^L i» LJ iaiLil nil Jl .Li. j M 
. Fj l*ji iijx 4JU, <kdi v^Sj * ( .\y*H\ S^^JS i^j* iJU*i VtoJ% jJU ^ LSj> Hit V L^> ^1 

, n . .i. -v. J ijiii! t vi/uul 

Ji. ) JLij to' JS l ...!<; LUJi ^ Uj^ , S-l jlif 1 ji ^i ?jj jaJ 

-/f^rjj ^" siij i iJiiil i^"^ «lt ***»JJ "0^1 8jjSHl iUjUil Jifll ,> ( ?n-j 
. inj . m t LiiJI Jj^l! ^) N e^ JJi jj ^jSli il»*ll ji \jj£i\ Ijjj . m.j illili 



i ffll. 



, 2 4 pi]i ^j ^I^Jl .^1 .^i, 3a>i_j, J^ J 
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( i^ljjjl Jj*UI L*Sj JilWIj JiiJl ) j*lill JvaiJI 



UjLpuU ILL ii-.t*Ji isjjl si^ JwJjj HjhjJi *4)\jM i*j*JI J kiii>j . «] IjjIjI* 

I jjl , Jj_ >Vl LjikJI J-iiJ* uijJ J-frjLi. ^'ji-f* 1 fcljli-rl I iiSir Jiii'Ljj 



iifcJl Zij> lilfc- Im^^i] 2 + im^io 2 + 4- im^i^fll 3 

il**ll iiy> iilt = J ft) 2 (m^ 2 +'"^2+ + Wljy r* ) 

it 

pNl |^j4I jJIJJI jj-ftiiJI jij-c-j*— u iiUl tJ5Wl J> {&*$& ^ jljill 

: i jtj\iti\fi jyj 

J = ^S'llll jjjiJI ij* = OT^ + « 2 r| + ..,.+ ffli^r^ (8-2) 

, kg.m* y SI f IUI ^i I ^Ia*j fj| M 

. ojttl lillj «jj^j 4jju5 Jk Lai I Jwjju 4j! JIj : ««nj*J' J m pjUI 4j4 
: J ^JSi^ IjJUl U^vJl tfy> iiliJ Uj^mJ olj5 j1*j $\ 

XE m = ^LjJ( tfj*JI SSlt - £/<»' (8-3) 

jLJ ~mu 2 4j*iJl *» JJUliLj . tuljj-iJl ii'/^II 43U»J 4*W> Sjj-eJI .j^ Uj15jU 

iJ^J^ li*JI Ji JjV J*-U^ iLJji l^ljjjJl Olkll [i! JJ <i0l LJ Je 
i£j_-j DjjIj <_i*a)l jl ui^iJJ t ljjj*J jJS'i |jj£ j£!j . ^}1* ^1 jlj^l ^> 
i ^IjjjJl |.jt juXi ji ^jii . T v -x*i ^jjj ^ oUj l 4J* Uyl ^ (^ UjIjJj 
( Tfl ^JjjJI .y iL-lj> u^V 1 J*^ 1 d& ^#>i ) $ ty'ji "'^^ O'jJ- 5 '^' J*" 1 
L UiJI ^jlw jxikiJ . (^ ikJJl J^ J ^i**U lijIjJI bjJl Jj i l#if J^ji f3 
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r 



( ^IjyJl Jj*Jl iurfj ^LWlj Jii}\ ) culifl >iJl 






Tff = j4»J-^ 



. ii*jJJ oJlj^JI 4S'j*JI i3li ,y ^^juuJJ (8-1) JLi*ll LiuiU 
LbL* f IjiJUit, ^IjjjJ* ii>Jt L3U» JJLill ^j LJ^jJl j> k^ (jiu 

: ^ J_«J jLiJilj iLUl utfajij Jiill iJjLu 



T =Ia 



( S4) 



si# ( f IjiU j , i-^ luitJ J£J Ljkai JLak yjjJL djjaj LjhJl ILJ! ^a r 

oijjjJi f.>*j u**ji o>j Li^yi luji ^ u^u ji J^yi usji <ijyi 

UL> jJ F-/no UjL4l jJSii; *^J'jj*H 4ij*ll HjUII tit 4i**Jl ai^J t _.,.,. J i 



^IjjjJI ^1^)18-2 






a 
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{ S^ljjjJ! JjmII IhS) SJLUIj JiiJI } ^tll! JjUI 



^i i*J F= ma tf&J! jy . ck&> U p-*J ^IjJI jj*aill Jiw 3^U*Ji tfpJI ji 



UKi:, 







Lij.it 



UJij uJbS cjj'j U£ i]jj5i s^-*D lj ;IjJ1 J;f j»iLJI ^ Lb' oi tii , g = 1 m/s* 

. 1 m/s* UjJ *1j^ dlU)" i*#Ui ysll .aij 
Lghd i t = /a UjWI ji if = ™ <JjUJJ jjLjjJI jjftjdl ftp ■ Jiilj 

:J ^>U ^lill j^saIi ij* o* h^ 1 ^ ^^h 



a 



■■: 



illl.'kv 



I i 

ljS jJijjjJi ^lili jj-ajii u-L& J tf cM r*W >> Wj'jj-j J- 1 ** &$ h$ 




r* 



(8-2) <JjWi & , jsjjn j^— all p>J ^yi j^ui &■# ^j 



/= m r. + lttJF„ 



+ rn^r' 



-IX 



:-l 



8-3 J^ 



^ j£ 0j£ij , 8-3 JUL thtbuSjll i^^i 1 ^ ^^*J' *i* J#^ i$ m*" 

. " ; -■"; gjj U&J' Jj+J Jj^b jLtj J^ 4j£j« J^ *yl ^ j4^j0I ^ 

a . 'i . .., „2 






.. i....l l 'Jl .Jt » . 'i"j J*it 



jyrfl 




: &-4jii 



= {3.00 kg)(0.800 mP t ©.OQltgXMQO m) s + (3.00 kgllllLtJUO m) 2 + 

(3k K )(0.800m)H 
= 7,G8kfl.m 3 

/, - (3.00 kgXO-fiOO m) ! + (3.00X0.5UO ml? + (3.0f) kg)(0,SOO m) a 
+ (3,00 k|M0.5M m}3 
= 3.00 kgjn' 

J jj ^ui . { I ) jJ ^ ijjss >sJ (v) J t/^i jH 1 r^ ^ J ^ ^J 

^y ( 8-2 j^ ) r J ^ wu-usj i Ji i>j (v) ^ ^ ( i ) ji jijj^i j^ 

^IjjjJI r j* i|i t^j , j^l i* J«t ^iJl o^LS' Uli" jIj^ ^liJl jr d\ ■> 
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{ Jjiljflll lly£}\ WSj 4Jt£j|j Jiill ) ^LjJl JrfjJI 






: gjSJ jjiJJ ^jjl jjjiJi =3* ^li 
= m V + mi'' + . . . +m. .,^ - A 2 [mi + nrj + .. , + mi 1 ) 

LuSJj . 4Jjjk!i oifJ i_i> J i -Jljj I ji— aiil Jj* ljL> I Ail. li>L' ,> ^£mj 

o"iL3Jl ^ *_»»JI lUil+t s! _,^ Jtlijjlj J**5&!i vL> >Ijl>u JJ jjU *Ll>0- 
. ikt-Jl il_i^l ^ijul oLLuJl u-a Jl. 413 8-1 JjA>Jl JV . iiJiiil 

LJL^J ( *_iitj . JjA*JL i^ia-ijil i>Jj£*Jl A>i Jy- jj^ J l *^*i J 1 ^ 1 J#** 
ibjj-jaJI >L*^1 t^umJ ^IjJI jjhfliJ! »j£ ; 8-1 Jjj^ 





1 


jj>jji 


w^Jj 


r 


m^ 


$ 
wl 


cj-oi ijilj J 4*^»ii J tikll (dli" 






( r l*jL3 


6 


mA 2 


V 








j*b 


fr/ifi 


2 


f~ 


f fr Djkj i_Ls^ ) iluuft* ^j3 


"1 


s 


-Q 


( ft La Jij \Jloj 'J ^p" a jS 


hlE 


I tab 1 
2 


fmmr 


( ?J LjJtj: ) Iluu LLL_jI 


LfM 


$"* 


. i. . 


( L LJiL ') 4luu «j}j, AJljkyfl 
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( V'jjJJI Jj**JI '^ iiWIj Jiill ) j«iai >iJI 



, I jJliJl jj-JI >>jd (jfji.1 Lla t*# jjj &f U&j 8-1 Jjj*)l J! ^L 

^+ju Jdj s_jji ^ jw «o»ji Htf yj# J- 3 ^ j* J o 1 ^% ^wi «** j^ 

; Lt& C^*£ b&j t iJI . f = ffi6 } jjLJI jj <^JLj iiiiSj s m(&/i/a] ^U. 

f«ff# (8-5) 

j- -.*n ij^j jQJl jtaiijl *j^ sii* (fjUu ^i!l « Jl-iJi * jLiJi J-si J* ^ li i 
fe - i oi 8-J JjjjJI ^4 *-jij . iLiiJ . iJL^ j-ii *J jjlaJ jjljJi j^aSJi *jw 

Oi lfl-3 J-LJl ji k*5ti jf UJ&j >? JlWj , ;> «J[ $• & ^ Jt Ji J& 
7 = mife2 = (12.0 kgXO.800 !ft) J = 7.68 kg.m* 

: ^i WES ji &LJ: oLfe>5Ui y*u*t ^ 
iu> t i -mi 2 iJjUlLf jjUi j^iJf jkjs j* I^pVj j** 5 " ^J ■ j j 51 ^ 1 

,ry ja Ujji Lai) ^Jl -jIj_jj Jl> U j<jjj ("j* *J*-i^ Jji^i lMi » * 

J ,._;;i , jijj! j^j&\ *te v LjJ ll^ ojlj 4&w hjsj JU>j , *l-i*^ iii 

: j^ ^ji ^Lj Ltji fcjSi; jj-j * J)>^1 j^l ^?_^ ^Li o*_^ 

: ji j-^JI ilS jS^ jUI jH 1 ^J< ° JJ*' J ^ r^ ^ liJI J>^' f 3* 
/ =J +Mii" (8-5) 
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( 4ji!jjJ JyJl 4^ij oQJlj jiiJI ) ^W> j^iJ! 



jjU M < ^Jl itejjlfjw jlil j*jJi Jp jjijj-l j^l ^ tfjL, /, ^ 




cm. 
■ * ■ 



K — 1 j>*0jj Jll; 

*IsS ji' * jlJI j^wJl &d = R L*jj* iiLu j*ju 18-5 Jiiii ^ j^l ( i j 
: ^jll jjsJI LjL ^uiL ^ji , / j: = M? 2 J j>; 8-1 Ju*Jl ^ . j^Ji 



"M 



! hk r i JSii 



u - L *J jVij M <&& jjij ^ii ( M ) 

?0 



X 



r i^j£ j^ijM *zs jjii ( i ) pWi-tj 1 okj . f f - ^ML 2 J i*J 8-1 JjaaJI Jj ^.JLj . Lii5Jl jSj^ 



: Ji J^ii -j|^( j^vji ^ 



8-1Jii* 



i>jil jl y<ij^l . Lflj^j J^> J-5JI l^sj %£ yipy i^ijjjji ii^Ji iiU) ^ j 
, r = 6,37xl0&m 1 ??i = 5.98xlO w kg : ^\ } ■. Lfew*?jS 

-J/(J) ,i , LjljJi m^ jw-*11 jjllll j^I »jtf ; flj^l 

t = lMR' 2 : ii i^J 8-1 Jj^fJi J! ^'b : U>!f\ 
? ji ; 5U LiljJl li^Ji jL»jI ^ JjS' : Jl}-, 



KE, 



(Ct 
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( iuiljjJI J>*if« iuS) vUOIj Jiitl ) ^tlSJI >jJI 



. 24 h JS 1 tcy jjjJ yjjty g] ^ : ^l*)l 
( ; j jV ii i^Ia*j Jl LAJl tis JyaJ tljji^ill (> J* : Jljj 

: ^ J-a*; luvUsJi oii»_jJi j 1 4jjiyi fc^J oii»j Jj_j*l iAdliL*J[jJ»Jl 
m* (1.00 rev/day XI. 00 day/24.0 hjQ.OO h/3600 sX2jrrad/rcv> 
= 7,27 x HT rad/s 

gjS| Jju , ( oli^ ^1/i) J^JI >lj &J^ ^j.SU s>Jl LiUjJJi ^JL^JI | 

: ^j^iU jil'Jl j**iJI r j* 

i - | (5.99 x Iff"* kg)%S7 x W ml* = 9.71 x 10 37 kg.m* 
5 



^* ^iUijJl iiliJI ( l^*ij 






- 2.56 X 10="* J 



j**ji ^ o^lji jiji oij*j &i %*& ^ ; - 



S-2JH* 

. 25 cm L^J »jjjuJI jJai i_Ljvj 30 kg IfJ&j 4& era Li^ J-<u L^*j (I34 

. ( 5L1* 8-2 Jj^ll jJiJl ) , U^ jL* jy* Jj* *^ *M jj-^ # 0^ 

<J^jJ| D ijJ ^jljjl il^K ju»-jI 

it] Sj . ^-*II jJfjil jj-sSJi j*j_6j (v^'l J# jjjil uljJl fj( ^^ : ijL>?l 

. 8-4 &Uf U 

> 40 cm jw J* s Jjil v^Uii £^aJi .yjj . iais ii*lj &** **£ , mw : 'V^j" 

- jJ[ ■ jywl' 
T = (1,8 fl)(G.40«v) = 0.7^ N.m 

* LjJ JliJi j^Jl *j* jUjj j£*j jl» iU-Jl JiJ Ujm lijj^ 1 1> y^ ; ^ 
: '6%}\ iliidJ 6jJL* L&^ Liyk* m^J ^.jjuJI jJa* J^ |*'J U 'ijLi.) 1 ! 
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{ i^jjjji 6j>$\ Mj yiuij lM ) i*tyi j^ 



i jjlj AllP Ift £^i i-uXu ijl ^a*2l 







-/ v L>;tt3Lidijd*li 
/ = (30 kg) (0.2, r ) m) 1 = 1.9 kg.m 2 

« = 0.72 N,m/<1.9kg.m*} = 0.38 /s* 




8-3 J^ 

cii , 25 cm JjLj r L*»13 gLaij 80 kg Ua&f ^ ***** ^ J^ 1 J^ 
^ jjJUll *>*ll jj j-i» ty& >^> ■ Hi**' j**^ '&&*% j lj: *W 

^ijaW^WMJ^ u j 2.0 rev/a W& &>- J! o*^i >> !j«tfl U*4 fj u ^' 
»>) dfaN . j^Ji o- rfJ iiiU>» "tk-iji JjV 1 J^Jl i-^ U (-*■} ? >yi li* J** *M Uj^ jiJI **U1 
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( LiljjjJI jJj*jJI it^i <IPj JiaJl ) ^ >*" 



: ^ ibWl iia i iuU tyijll <M **K Ij| ; ty*$ 
oo = a> c +ctf ( v 5-7iijWl) 

■ sW p* u^j J^ jH 1 t? ft li! M ajU r 1-1 ^ 1 ^ ■ W l 

, fa L.ji <M jlj^l $*)k *il J! BjUJl 
f X p> J-Jj M ^ W4j* myW ^M jH 1 r> ** U : Ji ^ 

: "ii^JL J^ yfljM ^loil jH ; f> J ■*** 6_1 J >^ J1 & 1 : W 



2 



J=-M80kj?){O.25m^ = 2.fjkg.m* 

t = syJl x Uljll *M = &0 NK0.25 in) = 2.0 N.m 

a _ L _ M5L-j.»)t* 

a 0.80rad/& 2 
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( ^ijjjJ' JjjjJI syij uMj j*JI ) ^isii j*ifl 




m[: = (HlD||(^n:.N 



> 


J -^ 


= ^oi 2 (j7-G^bJi) 

36 








( 


-> ) cj^Ji ^dL^i JV JLluii 



^jjjjj »js iJuiw JjlJl J^JJ - jljjji pjfi x Hjjijjl Ulj^il : 4jI*^ 

W-tO (8-liJjLUl) 

t 

: jk Jjj^ ILUI LjiJl fjiii glajivn-tj ■^■."jL'.^'iJ.V 1 
W a (2.0 N.mK'99 rad) = HOO N.m = 200 J 

0-* f*J^i ! sLtu^'l ilLl* iUij i LjL* Bjijw lJjJI 1i» J uu1jj.Jl Ikji; jj 
»|Pj| SjJJl J JJj . J.JLJJI jIjO* Jjtfj If 4Jtj N.m ^ jljjil *j* ol j>j $] 

! oli^yi jjjSju J /fjj ^ i JjjJb JjjuII JjLiJI i*0Ul 

,200 J : Ll»3l 




fut 




3 kg *- J jjij > ^Jil £jlvuj Ujjp 
■ *H y* <tfj *^ sH o* 



Ujfci O^j 40 kg i^Ltf <L*s Ji Jj& Jj> JjJ» ^i 3 kg 4^ iJS ,}le 

( i ) A4jj . (8-7 J&fy o#* j* U5 0.600 m L*J ^jsli jfcj JLaJj 0.750 m 

. »jjy*3 jjv 10 s J J i s—j-lLtil L^iLw J I Si LI I (i_i) i iLuJJ L.IJ1 LLuJl 
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( SlJljjjJi Jp-JJI ijiiSj «UJ1j JjuJI ) j*UI JrfiJl 



f a ^W Lpij&J y£*ll i(jUJ,l j> Li ; Jljw 
: 4^ljjJI <i>>Jb 4-oUk. ! I SjjJI J JlSil ^^ jyls : tiL*^ 
t rT 



J M* 2 



¥ jJl ^ Jj5' : Jlj-i 
u_>u diti! t T sjji ji 4ii JiilL J^lil LiiJl J L &( $J ^ : t^l 

( «*a 7 j^i ) ^i M«*y jjyi JsJxkli ^ uaj . i^i yjwi ii^ Ujj 

? ,JIaJI tfj> > J^ jjjl iJjUil ^» L. ; Jlj* 

, F =mg-T=ma : LWS\ 

wJISJI 4$j> U^frj ; 4l>*Jl Uu*J VjljJl U^hJI j# «i1\# lu i>y Ja : J'jw 

T if-' J! 

, rfl iik> *sL* u^JI lubfj Ljlj i>lj| aJL^aJI ,jlj(J JJ* . *ju : 4jI^I' 

. a = Or ', $\ 

f ltii\ ( i yW\ JjL" £$ ijjfl ^£*jp Ju£ : Jl)- 

: Jj jLJjUII Jj>jJ fig jlj*ly a jfi jdj«il^ : ^L*^ 



mg -T = m(ra) 



i 



: ji ijJi t aill ^uiy j^ jjx'jUII At> *J r jJ vlil' <IjUI' vj^vj 



m#r 



M£. 2 +ntr 2 



mgr-fMr+mr^i 



i^L* « jL*J ^j (iiil^llj JjJ| 



« = 



(3.0Q kg)0.8 m /s 3 XO.TGQm) 

(4O.OkgXO.QO0 m) 2 +(3.00 kg)(0. 750 m) 2 



r 1.37 Fad /a s 



a = t0.750m)(i.37raA%*)=lASffliW 

: jA ( y fl c *!«> ) ,>j]L Jliil ULi^., ji! IIU1 lujj" jiH *JjWI $ IjjWj 

2 2 

jJL^i .j-Lj^j . ^-ILL^I i_^k!I ,i~sJ i^juJL ,_JaJ JJ juUL; t-lJt* iiUl -a aj* 
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f LiljjjJl jl^ ^Sj uLfc% jiAJI j ^U]| j^ji 



•J* fr*^ ^<j jlte J* Jaiil L-iiiJI iSjjkll y & 1bj ( il*J} ^jjji ^ 



oLSH 



. 80.0 cm bijji iiU J^lJsjLjjyW Jlill ^i H^U LyljJI b^Jl j* ; i 

, JlxUI jj*j ijf. yajij iilUl L^ili^U »j&U 

J ^LJI Uj* iiLL ^5<J ii^JJ 5<j(jJI bjJl li^c U ; Jlp 
. fLUI IJSJi KE &, »j* |&* s LhIjjjJi fryj ift> : h\^i\ 

, M = -80.U cm iu> 

$ ® j if ^ iiiU i>jj Ja ; JL 

r ijll J-^ jljj J>A i ^Jj; i_. j^Spl ^jjj Jsui. J^y u lie . » ; LL>VI 

ij^-JI ^ fl jjtLJii ^ji-Ji U^ M L^i UL-il te-i ~*3U\ 0>£ 

, i> = /a j,l ill] j ^ ^j , Aft = T A9 



. I=Mk 2 






oj 2 ^2,^— -M,._ 

2(3.00 kg)(S.fi m/s J K0.800m) 



w- L71rad/s 



KE 
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{ ^IjjjJ! JywJI Uij UWj JiiJI ) j*^ 1 J**" 




, aU! JUil ji Il^JJ 4*ljjjJi tfj»Ji «ltj r lJJ] yfll KE ^>> : ^ 
, KE H , = D.8940fc J » 21.0 J i KE rct = 23,5 J ; ^1 



ttjtttl ijJIKtf I ^IjjjN fc/JI 8-3 



^ .3* J5 ^ JSjLI li* ji , #j?l uj* £>■£ <*** J 1 * 8_y ^' 

l^J Ltjwtfl U*jJl jli 4*l*j . to Ujiji* «j-j Ml jSjMjUI JJH 1 v'W 1 

ii^jljsj 4^*> iilLj LJlUJi 45j> iilj 

yfi UJi* Hj<— II jf-i*# <-M y^ 1 <^J*J' ^ > J^ 1 ^* il &* 
1^ *^i JiH i M > 4J ti* d>» ■ ^LsS" L&« 5JU1I ui J , mU .rj>idf i^JI *Jj> jjj* tfiN jj**!t j» lil 

LoijjJl <fj*!l Ulkj Ml jS'jJ 4jllStfU W/JI ait ^n L5j^ Ml ji> 







^.ija lili If] jj% 4LJ1 ^IjyJ ^ 

. jjji jjj iij* iiij iJiia 



? ijii^ 5jj«j J^fli ij* ji* j^ j^ 1 Mffl ^ : ^r 

! LlL^Jlj yij^ll PE y* J5 *-* I* : J'V 
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< ^IjjjJI tfjjji ^j ii^Jij jiiji ) ^Liji ^\ 







W "^L : J\l 



: 8-9 !>-i 

bj ilia ^ ja iltfj J ( i^jJi 



- 2 „.! 



. { 7-7 iJjUil ) v Bn -- t® : jffjjl ^jy ij^ji, (£|j ^[5 UHj . 4^^ 

. L^jJi lis |jbgy jj ijj 1*^= q,X 1) ii* 

jj J^l iit vjSI#JI Lf^sLL $ PE LfJ^SjSU ^I^VI tilUl $ 4*» ; ^U^l 
Vrnfr*® *&y flj*i*lj . PE ; -JB^ Lb' ^ Jly , KE i^JS ^ #til 

! gl J * . 'l . .1 



"WksjiMt, ♦*(}«»» J 



J! L^jJt, L^ 4LU1 ibUll J*, s $), . Jji*il JS & j-**; m J JLUi5 

4 

. JLa^^i i*ii JJu,, jui t 1 , Jyfl x^Ji ^ *^ i«j t ^l^jjl ^ij]i 

*iu*j ( yfi&Jll^ ^jj-iJl jjJ5j*JI Jjj iM«d J <oLd^l PR ,ji ^ ^jl jy>gall 

JiUl lSj^-JI jJ* Ji^i Ji laudjii J^ , j^)'l ^1* ijfll ~jt*& |J IjS iii Jj 

J$\ ltjj\ j\j&, <*$ y& y ji* , p ^ ~2^ft jjy*^ L^j- jiji* ^Lm J^ 

h sjj jUjj) ^tiyUl ji jsJlijUl 4*Loll 4LUI JIUI j* L^i* UU> 



j^te Jj"i'l « r jJaiJI iJjJ ^j m. 4J2J1 ^ L^J LJii^, ,L>1 L^j lijj ^j y^jti 
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r^C 



*-» 




( ^iljjjJl Jj^l W*j Mj J14J1 ) d*tiM J-aiJl 



* * flijj Jl *5ftl Jjw * jt^t U '. J'j* 1 

Jfi jj J! &>> »ftj ttUl y* ,^ <ji J*1 <ft$l fL»S'! ^ i> i>' : ^ s 

. tlif J| TfjT J*t Jj- LHE5I &> -*1 v*- 3 ^ uS^ 1 p*H i# ^j L JjJ) j^ 

< J «Ji>j o^jm^ £531 J! f L*Sl iia J-1- IjU : Jt|«f 

" 0j jj lm. jjj^ ^v ojjf J^ [ > ftfen (-^ p*J* U ^ : W 

L^J ^S J^ ULkJI *ia ^jj . 2«r L*jJJ uL* Uis' \^ tf ,* *L13P 51*15 

■ J ^ jr^ 1 f? 

r jJlJJl ; j*iti Hp j$ ^ ^J! oWI iJjUii ^ U ; Jlj* 
. ^j j,Ul M J! £*;< : ty*$ 

fLudJ ji*j . r U>-^ ^|JJ| jjj«Ji ^ ^L jiji3ll jh % :AjiU*)ij>' 

; 5I J|p L*j*t ^ j^l iiUJl tlL *JjI« 

l>i:m 1 + 1 Mr 2 1 • JV 

cm, 2 J 

p 4a [sphere] = 2gA/(l + |)s yff^= l.43ffft 






Jj_>afi L-5kju^4 . jJwJi JjjjJ> 4^ ^Ij»j >*^ J>*y ji*^ ij' v+d 
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i^ijjJ J>>jJl ^j tiUj jiiJi > o^Uji j*a 



: 8-10 JU 

Lilj i— ijwj . ^ifl j4J^ JI*J 

^jj <^jjh v*jj ^jijji Ktja 



^j* 6' a?- Jflj ■ . 61^1 ^ >l* jJWl p^ji $| ^ , jjjtyi y t ^j| 
u^Jl ^i m JUsfll ^M j^i jii y y j^u L^ J^\ Hj^i\ i^ 

**Ul Vj lk ^ijjj ,1^31 ^ Lj a, ^ ^ ( 4^j)| Ifijjlj LjljJI Uij^lj 
U^> JUa ^ . ^tf jb^ j^ Jj* « Ul vJjOtf jlju >L^I ^ ^ jj 

gj-frjJ ui^j ( lfi-IO JSi ) tip *o*]| jjj jjJI j^J( Uuwl ^ <*1*j 
J-b Ll«5 Ijlj , v 8-10 JilJl ijLtf-ty ^IjjjJt 4 UjV ftLfjfl bu ^ USUI 

it*3l y il^l li, ^ & ] ^ jgj jjj t ^ijjJi J>AJ j^ ^ fo.fcgrtl 

o>Ul uyfo j(^ 4 L*;l ^ Jj faUl v > objJ »W J 5'jjJ ,> "Ml 
UijUl o1j» . tL*u & jLku (jl £M L. I*kj l ^1 5 L>JV ^l&SI j^ j| 
aJI fatii ^^ ^fjjjJl j^aj i^liUv! jJe LHjjJl ol#*lil obtUJl j^y 

Jj*jli ^ ili, ^U ^ i, jj o^j *UL ^^L5 JJI3JI Jj^l ^ p2 

: ^ U5' jjljjl JyOJI Ijuii elL yjjStl Ul*-» 6^j . >iJl 



ijlljjiijiajj^ute^ji^fi) 
, iiii Jai ^i, jl ^ iui ja y jl, 

jria_a ( > i> 4ij» ( ^ ll ii( v ) 
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( iLiljjjfl Jj*iN 4jj£j VlUlj jttti ) C^ 1 >*J' 



j b gU^ty jijjai jJ liu . l**Vi ^ J£ jl f-*J kjjijJi 4p^ ^ J* 

It = jdj U-ik Inconstant 

»>» »-*JI ^ j4> |J Uj jjJ& H Jjl)3l iI>*=Jl ^ *^ "W ji **^ 

. JLfci jjj%t Jj-* jj^S U*i jjjJ L*jj* i }U*i , ( itU:4ilI| u*jtf ) Ktypi 
, (jufi *jj_^ j^J il>*)l jl* UJ JL y^-u j_p%*JI jL>JI jtt«3 ;A*j If ^ji> 
Lu*i JJj J^ L*jUJ( LSj^i tils fUsJj-l II* Ji* jic $lj£j *}* ILu Li>j 

gib JaJjO ijl ,>J (*JjJljj| , -Oji* *jll ^JjJJ Li *_* LijLuj jifj lp"i tM»l* 
oO Jju l 4jl>ljJ1 tfjiJI i>aj jJjU JM* ,>i ^liJl ijjuoi p* j^juj fllu JI 

J] ^yl ij^ _i LovMjy jIm Us£ll tf *-^"j 1 >*i-** J! I ■;■ rtj *)L ^J L^it 
, ijUU Ml! tlii ,> *ijJL JL jjliJl jj*aiJl jkj* uj# s ud^Wl ji O'jJ-^ 1 J** 4 
/jpjUill jiJ V^-jlJ- jljjJ pjy jl DjJj **jA* iS/*- js*3l1 1J* ^ ( j^i 

JlILj . uj Jjiil ^lj)jJl Jiw SiLj i - i JJhjj 'l»j i ujL! Jiu jl 




r>* «Wj 



ai.il 



8-8j^ 



: ©_ii jiii j_j»-ji . 8-11 JliJLj ojj* y L»^ >j^l J_jj- Jjij- ^ jjA! L^jl U?b j*U 



n 



! jJiJaiJjl i^iU & C^/^ 1 -^/i ^-^^ lj ^ ! ^ : ^^ 
Jjjjll \^S iljL* U^ oil 1 i%i>* ^yi ^^! ij*S ^IS IJJ ; hi>^ 
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{ L^jJI iij>ji\ iuSj tiW } Jiifl ) &m J^iJI 




lf-!*i Jl pJLUl Jj» SjiJf jj^ ut 
, >*_!!] ^jj ^jj Lfit^ ijjij % 



/)l_).j j^ JL> _^b o>J Ualj ^i gtt| ^" ijj L* i>Jl ^ : ^uL>VI 
, <0^> jljjjl ^ v LaJ _,^ jyj^j #jJ3Uj llaj i ^ 

Jj_fcljl Lu£ ^j^J 111*4 ( jjjrf ^jLy j^wJl lii Jj* lai\>i\ SiS ,> mM\ 

T ^u^Jlj ^1 jSkii jfe ^1 pllll ^liJl ^ i^jUU U : Jl>, 

I 


















U n ^ ■ ' 


"VT" w 


■ i * 








; V^^. 


P f P 


J ». 


=T III 




: ^b l^i*^ Lijl^l iJj*?!' W '^ 


^J^ <> 


[AiiUJNj*Jl 




HI 
P _ 


& /r 
(r /r ) 2 ^ '/ 
* 5 /r 

f f 

p _ o 

i? r 




l.'^l 


. U«SjVl yf »JAJ 


*J 1 '■■■*"= tJ_iUJJ J 


jSl wLJl 


iU_^ jb <Ati 





8-9JLU 

jljjjJI LLIJ 3^fti< Jf Ifiyey SJ Cm Ji»y! [ijJai J^ CIj 8 -12 Jii'l Jlu 

: 8-12 jsi J -jLj «U) jjj olii ^yi . /= 8,0 x 1CT 1 kj?.m 2 ( lK L£!!, bj&l j ^j*>J 
ifl— * jut ,^J^ ^IUaiLI p ^ 



-m- 



( ^IjjJI Jjj*dl h*$ } «Wlj J*iJI ) i*liJI >iJI 



dUj jJ* 'Uy . UtfJl SjLjijJ U*£ >Uull jiljjjJl ^IJJI j^mII Jljji : M*? 1 

? »LU JlJJi jfci>ili pjt- l*j L> : Jlj-i 
^jJi ^i ' ■■<■; ( Ljs JWi j* US' i t'ji** (jljjjJl Ja<u j_ji Ual* : ol*)ll 
. ^liJJ ,-JiUl j-ls^ 1 J-oJ l>jI — ^ »>ii J^*5 i^y J^ L-U j*^ M J 1 

£ = ^{0.30 kgK0,035 ni)* = 1,8 x 10 *kg.m* 

: J* J-*i tj^S\ '<1M\ 6* t^JLUJij JWi 



V. 



(2.0 rpm)(R.nxlO~ 4 kg.in 2 ) 

= 2.0 rpm || = l.fii'piii 

iSj*l\ Lills $ ^-i[ . LjJUi ^1*j tSLJl fill *V '^ d &jft : Lrij* 

4JLU! jifJ Oi> l)U . $$14$ W &■ ^ Ul j* 19 J lj *** $ r^ W 

* jjyill 



jjljjl Jj^JI lw5 ^ jbL jiJ : &i> j& lf>j 8-5 



, iUV ,>U ( j«Lf J fU*U ^ JU1I J^ jk j>b , f b ^ L. ^ 
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( J^jfjjjJI 4ljxJ! Vdij ~a3W} Jiill ) CMtlill >iJl 



L r j 



ji-l jj UL.J oi ^ 5j>L ^l^>* jl ,UI p^-to j^o^J ■ *'>s Jl .lit; 

l^i*^ ^jJl Ufcifl o_, Jil jIjU. i*lj» J ^ ^ ; ij5^| i^iji . i ^ 
jj jJUl ^ t« : ^ij J3JJ1 ^ 6i ± ^ ^ j^ ^ ^ 

u^jiiJ ^j 4>j-^*UI *L**Jlj wjjij ^febJfi ^,y,| ^ 4^1 ^ 

J>- Ui JJ Jj— jjl {Qij jjjj. ^ b^ J ^ ^(j ^j .J l^ 

i>-ljjjl J±>- L*l!« a^ ^1 ^i ^1 vj l^ (J, ^ ^j| ^ 

ofitj L^U^ «£ J ^ up*, U^ $fl . * t ,w %m\ u,H\ iUi^Ji iisSS 
. jJ-11 JJ Ju&> J ^ ^y ^j i;j jdL j f J| ^ J^ j^ ^ [^ 

»L^i)l U* oL^ ij^li ^ijji ^j Sj^j] ^ ^ . ^ ^ . 

L J 

6*1^1 *j*Jlj iUib ^L* jLiU^'l ^yL^JI tJ ai 190S j 1900 f l* ^ 
( «jJJI til ) UL±)\ iiW\ ( u^iJi! ) ^Ujfj ( ^ j i^ji J j^ ^ ji' 
^ ^,L^ .i»iyi jfl| oit ^ 1 IBM a* .* ,4$ , J , ^ » ^ ^ ijij| ^1^ 
^U^l <L>, **UJP iiUJl giti!| ^ij ^ ^ ^ yjj| ^ _ t ^ J[ , v 

.1^1 ^jU J jj ijL^^J! ji*; Uj , i^i ^1 ik.^ ^| ^^1 

1 

A - 6.ey x 10' : 'M..h 



^ tlxiJl ot i^i> ^ V [j* iji Jj ^ . -uijj^J^i iLail liiJj dfl U,j olui 



J** - 
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i 



( itiljjjfl JjajOl L^j 4JWIj JUD ) **UJI jjill 



1 J.s r l (N r m)s = 1 (kg,m/K 2 ),m,a ^ 1 (kgjtfj/s 
t L tfjljjf Jj>^l L£ jljui lLU lis Ji« /i Li ^tf Hi L* jjjj <,! jjAii ^ 

Jj usrl V S^U^I U£!l sl^J L l*^> IkU, fJLS.jtjft ^U j^| ibjji 

li^Jl islt ylwu Ji . lljij ? gj . , , t 3 t 2 t I = a d^ 4 £.»I»«b* 

j_LJ1 ^_j J jj| ^Lj £_| Lfj^lJtj ji2 ji v^ i 4^l£j| j^ j^ 

■ Hfe j**k ft*/8f L^lj jfcrfl ^j { i^ij ^ y^ ^ / j ^ 

/i 2 /2i ^ d^ ll* f^S ^liJi jr Jj| |£e j^ 4*)UI .U^il LJL 
. jAJI 1^3 q* s}^ JiLMJ! ^ ^ J ^j ^ , ^| ^ ^ \' ilt 
jjaJ 50 f L^' Uw* ^ KE mL LoijjjJi i^Ji oW iUI ibUi j^ioJ 
jaJ Jj l^£ 5 x 10"*' J jjLj SjJ^jjJ] iSjjsJI iiik ■£ ji ivL L^ jSl*. J** 
4 yjUJi jt; H^j qj, i <j\j^h fob i ^ i_^ x io _3i rad/H ^jLj Lj(j U r 
Ijj L jL^ , JJ . ii5L 3jkJ1 ji ^oi ^ ^ 1 i*j . ^Li l> jl^ 
jU^f LLk p*3 jkJl J ILjUi A u^ i]j 1^5 jjljJI JjiJi luS J_jL ^IS 
tijjljJl ^J^Aill LuS dJj Ulil ^-.i . jJlJI tLz* ^jiij j^ ,y iij .L*i 

Jj^iJi La.s LuSj tjfl j^uku r ij ^ jji py ^ ^jji ^[j^ji q]$ 

. Si.!*!! Ljjjl bj^Jl ^ Jiill j^JruUl *tii tij JiJlj ^^i y4jjU| |j* ^f i, 
WW oLIjVjJI j_j jjl;JI Jy^JI L*D 4i«SjJI ^jJJI j^iLi .iSJLl jj, 
^ jiiOj Jj^ L. ijAj . ^jUJI oLL;^Jl iL.1^ ijl^JI ^Ui,! ^ ^ iji'l 
djjdl M i JSJ jJ^T Lk»LJ Uyk 192G p U ip dJJS . ^ ^UJl J^l 
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( vijjjJi d/d ^ ytyij jwji ) ^i j^i 



jail lifcj . i<W4r) UjtM, j y^ ,[ . ^ j^ ^i^j ^ ^ 

^yts ji 5^ U> Lijj ^ 5^1 jyjfj ^ ij5u|| ^ . ; ^ ^ ^ 
^LbaJf JjlJi ■jL <^| frjSuUI jj li^ l^tS i^l »ja ^ jSj , t \£$\ 

tj(II JjL jjjj ^ L^b^J ooi ^Jjj jOJI LS^ill^ ^ ,L;^[ ^ yai ^ 

jjiii ojjj jjiJi iijsJI ^ 



i J* \ji\l $$ y w j^iii iii ^j jjj $\ 

i 4JI>il j^l VOL'- ( 4 > , jL^flll jli J^Sj ^jjjl ^ r> M L ^l^| WjWI fflj, ( ! J J^fl. I 

. fytyl dj*sjl ^ ( J) 
Jsf * s ' *' 8m <M KE^ s = J mi/2 > F_ ma . oM jiljU.JljjWf.ytf. .2 

■ *^ A* j^ ;'y .;>*■• lS ! Jj> IfJ jJiili 
. l^HjiH 4U.ll oij <Sj»JL aLali iUvJi jsijji ^ T ^/ H y^ui lji;L j _ 4 

■ ^ o& jj yifrifj yijjj ii> d^ ^o ysi ^1 ait jL^|. 6 
, ]ja>U 



l = la> kg,ju% J N.e 



(8-6) UjUi 
: ^wLI ^jIjjj oLbjjLi 

/ = mrf \ m^l + .... + Jr , n ^ kg.mB j s_2 ^JjUJI ) 



( iuil jjdl JjriJI k**j ulfallj jiiJI ) ^ilJIi j*ill 



I-Mk 1 (fU5*]jUl) 

; ijljjjjl IjjjJI 4JL> j» jiLUt fljjjl Jjilj 

. rad/s 2 olju» X SjjJU a oi£ jl j*j Jill £!«! jy\ii i^jjJI SjjjJI tin J-iiuJ ii* . 1 
; U'IUJ'j / Li j^aj J^» jj!jJl ij^-J tjfi) in ijjIjJl CftjJ »-**! l£yJ\ «U) jJm; 

: j* j'jkH fob r » L3 JL« mLili j^i ^ <y>jj iib- J !/ [lt] <bSJl jijJ. SjJi^I Jjp_ r -Jlj a WjJl i-^JI j* 4ftUl 

J_L Im i-ijj&\ Jj>I-> ji ^jm lift , j^-jLj- gljJ J f J' <J^ ^ -^ H ^ *"^ ^ f ^ i/liU^' J/*-*'! ^ J^" 
. ^jdl jU JU? j#C JI |jji|i L» *UuJt its «jjj j#U j! tpfill 4diSl ^' ji«J U| / J >ii ^^- I 

Liu* _U j^*Vl jLtJj JaLULl 6* UlJ*j jLUl £l (Lil-Lr s^l ^ lx J\&Wm cjUIjjjI oy^i ,> ^fci** - 2 
jjj^ fli ^ ^ ^UL frgL ( jJj^J ) ^IjJJ ^j>>J ji o^W 1 •*$} ■ ^ f| j J 1 ^ 1 ^ ^J« «1> 

^JIJll jj^^aTl *j}_c ^u ^jli , jllsj cjlj IjjU sjW Uv j+i c iUJI l«i Uji* ( i^il ) i>1jj nili ^ y^ 
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( ^IjjJI J^l ^j yiuij ji±Ji } ^| j^yi 



, ^St^l *5UJ1 jJ^i ^j (y) t sjU f'i ) ji jJjjffll 

r > ^Jfc U ( V ) ! 13U . »« ^ Jil J^ J^> ji mi ( i ) . Jh, ilM ol ^ij 8-7 J£iJl Ji pj| . 6 

, J^l J Aifl jk <1>JJ jjljJ! JJuS i!i 
iji*)! 4^3 Ljrf ( i ) tjljjj! ioJuiU tSu* lib, . Jl&*| yjjj ^ jjjj 3^ iiL* Ji itfL ^# 5_^L, |Oi _ 7 
1^3 Ltti» JJ^ii ^u j feU| v jii ^ ^i ^ «Wi ^ rf ^s Ujie ( V ) !>jll j*S j>5 sLtf J 

. tfysJl ^ UUi Jtyu U-usj . jljill &lj U^j ^^ Ltj^j . j^Ji ^ i j^j| 

. f£lk* o*« ydjjj jjj? Jf iuJL Jllj j/ t lf.jj\ j|jL 
^ J j4 > ^J> tf » ^ ^ ^ y \ji L^j, i ^ jUi j ^lif] ^ ^j j,^ jj j] fJjLM y ^ _ 9 

U j-ij j^^ J<^ Li> Liljjj ^Ji jj Cp J^ kiilS JjSIWi ^ ^LliJb ^yjj ^ ^. jC.ij ii j^i 

v . ^Jy- lijUj ^.Si £,ijj) j^ ^b ^ j$ l. , sU j>l* ji ^/jj ^*iii ^i* J ^>p_ n 



8-1 j^i 
,xj, Ski*1_jf Jji-4l J-^ill j(jJt4 Li 9 cm b^s ^^ ii^s iil> Jj> JjiL !,>> Ji 6 N Ujlji* iJ ^LL . ] 

V 36 u Ujlji* 4yjj ILf-Jl jj^J UjJi cj^l 
(ij ih^\ r . JjlJl J^^J! _.1^U L , 0.060 N.m jjU iU*JI J>s ^ U^JI f lL ^i ^L^Vl ^jjl ^ J^. 2 

LJ}^l L^LjjJI l4_Jij> Mjh ^L^ Uii* ^1 J> 6^\ J l.r)kjj.m5 LjJ J\jA\ j^fll p* Jl> il^e J^_ 4 

T J^aJI ijiy ijSi J^U Jl±*1l jy JLj !_s jj| JiiJl j^ U . 36 rev/mm 
jljj* U { I ) . 45 rev/mtn J^*j U^ LSj> ^ 0.001 S k E ,m* 1+J ^1 ill j^l ^ jj/jjji il^* all. 6 
jIaJu L* (w) r JljijijUl ^* JL^-SJI jLiJl ^ki j« il^JI J3jJ jiJ 3£1>H\ j J Jj^ J^ jjj| JjLUi 

V 2.4 mm U ; J Ljlj 4l** 0.25 k£.m s l^J ^IJJi ^1 ^ H*£ ^ .;^|l ^^1 .jjs ^IjL L, „ fi 

■ <M lyljli !MI uj U . 20 kg,m* ^JlJI b* J>ja s ,yt 5LL 1 ii*£ ^U J5 N,m ^ ^jj .^ LL . 7 

LUJI l^ 1 ^ ijj , UUil Vj ifiiJ jljjj dU=I J 18N.m sjJ ^ .jj 24 fcgjflS ^IjJI Lft^J *j* W oJj^. 8 
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( ImIjjjI! dj»si\ Su«*j ^'j J**N ) u^ 1 ,M 






ja Li i l^Ji jijoil »}* L ,; 1 - *JaiJ 6 rev/min Jja^ is-LJl y^fa j'j- 1 jL ^' o-& j* ^> ^j* j* J 1 * 3 
Uj U . 0,5 rad/a s IajjS *#') "^ t^u-iii 16 cm UjkJ wt* ii^ iiU J* 4 N l*j jj <**Lm 5jS oLL . 9 

j iL^jy ^ijJi ^1 ^ 

jy^ J^ v'j* J L : , ,','- ji lt^ 1 :* **&«« Sj**^ j^ ^ ^- m s j^ u!jj J f j* ^ ' 1 ^** il vjM' i5j>1 j* - 10 

? jj^LJU ^IJJI Jt ^ *j* 14 U . B-45 rad/s* 1*jj3 *#ij <J*^ l*j^ >uj l+Jj 1, ^ i$J»»* 
_jj_,j 175 kg.m* jj'ljJi (jwi ^ 120 kg ds£ p&* JlA jej & llLl Jlit^i j^ j» J^i Wjj j>& - U 
a_jiJl ,tji, Li . Ii-Uj o$L osl> Jj» Jjii* J** jJj ^iil li* SjIjJ 6^ij ■ °&** jk J?') J^** ^ 
Ujti* l^jlj Uj-* J! ^jiLJI 0-. WjLj; ^ iiM>v u*jftll «l* jl* J^' 1 hi ?)i flJ v^ j 111 M$l 

* 3 s JMi 30 rev/bin 

? 5±>(jH 4-^UJI jj j>j^I ^i* i^JJ 1 >iil jiJ** 1* ( 1 ) ■ G rcv/s tji Jj**/ 0.3 hp tfjj* jfjl ^>JI jja£ jjj . $ 

t <e_jjl a.^j Jjju Uiic .vjll lia sJji JJil jljjd* pj£ rj* jIja* ^ (v) 
0,8 fc^.m^ jJliH L*j*S ^ Ii*vc ji^oJl fa J**4j t 0,2 W Ejjill OjJ* jjJju ^' V" 1 £,**" *%* J*i- ia ■ 

. 24 rev/min jl j^SJi > il^JI J^yJ ^j j^l <i/l* ty J' 1 v-* 1 
UjJ 4iL- Jjmfl j^ U^* , LjJ^j j^*- ji* ^> 0.1 kgjtf ^»ia l*j^i r >^ a*» 3tfc J* Jjili J#>- M* 

r ii**u Lst^J; ^jijii ^jJi jijL u ^ jijjj %- J! jj/Ji :h *Wi **j^ 25 N i*ji ^ 0,8 m 

jji jxJb qlj^ 1SU rcv/min ijjJ Jjjmj / = 0.08 kg.m 3 ^IJjl l*jyd [fy 10 cm UjU JU; ^ jjj3. 15 
JUjI jJ* j^Jl Jl J^yi JJ U^gJI UjjJ ^1 ^jij>jjJl JJi |^ . L5N IajIjL L^iL> ^ lyy i^l» 

. JmII 1j+j JjSIj jJ*i t^iiJt jjjIj 
* 15 rev/Ttiin ijJ Jaa« jijj 0,012 kg.m 11 ,yiJJi »jj^* ^ Jibuti ^J 'tiy- '&&> ^ L*- 16 

J.0tg 

+ ' J r r 

J f 0.5 k£ U3J3S ^IS iji 10 ULlI i L^« £UI ijtJII Jjfc U, 17 

>- Ji Hi Jl 4^JL Ui5Jl UU^ 8-1* J-£i« J o^^l UiVk 16 
r >i j^jl . 0.5 m L^ ^ jjJ=j (3 kg) LjJ^ ^1 -^\ aljSh 
J^ iV ) • A 1 '- j-»i ii J M* jh»- J>* (' I - ) f *»" ^ liJI jH s 



.■■«■ 



F 1 " *• »LfelII ^lill jj-aJI ^ ^-j 1 ' rn Jl ^JL ik+i 

t 1 SiT j—Jl J^- M ' M' J>5 JI Jj*. ( I } 



19 



J 






A' 



. ybii J55 oljSJl ,jl j#2*l 
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{ Jjjljjjl JjiJI hrfj ^UsJIj jii/l ) ^J| j^\ 





Ch "*-??** WJ**j iajjj* ^ 8-fy J&jg ^i ijui 0> ^ _ 20 
i^jLiilj m« ^ij jjjji Htf ^[5 [jji iLiJl <i^ ^1 

, ftjjUl l5^U jlf jjjtfj jSJL U j^ Jt> ,UU 
<J**ij M 4±£ ^ Sj Lk5i *»| Ubj ^b iii ih£J[ J^ j^ ^_ 21 . 

»>! O-^ ^ Jii J» Ml ►iA^jitj ^ . J, jjU UjS^^ 

JJ ttS ^l^m ^yi ( V ) t jUJ ( i ) .J}\ji\ } ^\ ^ ^_ 23 



8-5f Ji£ 






rfja-* jJ* ^j^ j^ J^> 5^ ^Ji ^ ^ ^ , s_6 r JS^JL 




8-6^ JSi 



J* J** 1 -V £*; [/Ijt*! v^ ^IJJl jj-mJI r > Of* - 25 i 

120 Nj^M a>I ^ 150N tjill ^fca* t ijjyi ^L> J* CjLo, >jl ^ jjJi & f} 3 ^lj 

. Sj^JI 4y|)j| Ufc«)| ^ ^l^UJl^k 
.d^J i^jji LSj*Jl SJlt jIaL u . fi.fi kg *jjtfj J5 cm^^U fcj 5j ui ^ ^i ^ . 27 

V 3 rcv/s Jj*« L^l^j jjLt il^Ol 
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( i*ijjji iJj*j -uij siiyij jisji ) ^lui >ji 



jJu U_J 4 kg -jjJjSj O.T> m Uisi lJjJ iJilu LiljkJ U^J ( LuLi!l J ^jIjjjIIj ) SyljM ^-J 1 jL*L i* - 28 

UjljL i*_ta*j i^-ljJI Jyo; LiiJ* 4.0 kg L^JtSj 60 cm L*j_y "^ly il**J ijjljjjl ISaJI oU? jl.iL L . 29 

. k = 50 cm y UmJJ ^jjill jJsi J^; ^ jjjal ? 4 m/s 
LLfJl sis PtUw ^£1 ji^yjf ^ijjjji iji Imj U ( I ) . 30:nB' IfJ j^j-ull ^Li J^j 45 kg l^Jii' iiuu ii^j . SO 

? j/JI Jj <J!A» U»a1I LpJ*^ jSlI iiUI j U (v) t 25 s J^> 0,5 rcv/s Jj j_£JJ &i 
Li . 2 rev/s Lt JjI* fuilj i^ «*j j*.jia^J1 L* jw Jv» 20 cm UJsi JLaJa 1.8 kg LjJJj5 iijLwm llljwl jjj . 3 1 

ijAJI j-tjJI jjI* ( i ) . 32 cm tjjai u^ij 52 kg dtf ouu ^ji UU ^U 2.2 N L*jljl* ^u-U* Sj5 cjjJI . 32 
(*j) T syift; j-jji ski** JU jJtii j*aji Jt> tJUo jit 210 rev/min Jl jt&Jl q* ^nj^\ 'i* fjLit ,il 

? j>jll 11a JSi oojiJI L»jjJj jj]l oljjJI jj* L 
Jf ^JaLwi a^kLw Sj3 j;jJU £jjO ujLJI j-» ijljjjil J 1,6 m Ujij jusij 100 Kg LjiJuS Jfi *j!_jj ^ju - 33 

, 3 s ejji d)*\ »i j+ ojij L^'v* u It a*|I . RC1 W Ia JiL lfiil* 
_ lil^Jl Li pj if jiLu ( JiJj ) jl ,ij , jaj i« 6,0 kg L^ll^j 5,0 L'j]] bijU J^l 4lux 4.-I J*J aui'j . 34 
jl LM?jij . 3 s 5jJ j^j Jlli- 3.6 1\" Ujji <^Lu Sjju L»jljj"i r oljlw*! 1 ! gjjk iiS> ^ Jj-il> Jf* *j*ajI 
oL+J i ijljkrtiu { LiLUl i ^ijjjJb ) 4jjI}JI iijJl ;Ija4 U ( i ) l j_jUl j+ L^i5"^ ^ijj jj ^l^kj^Jl 

jj UUi ^u* Jjj^ ^J 1 J*+* ^ U^l* J>* J^Jj yi< jljjj jjjm ji ^ 8.0 cm bijki JjO iUi _ 35 i 
3 m '_*jjj o'U^ JJJ)I J?_^ ^a»j LijLj iLUl l_u^I ( jjiJl j* ) Jiill ^ jJ jju . 60 g 4lLi' ^jJI lijis 
? JJiiJl lj*& tlli! kiiJl ^ xiJI jIjL Li p U^jJJ ^ijJi jw*Ji ^ 4jj3 U . 5 s J5U 
-OljJa-vK^JI ol> Jfi ijyh h^> As-^jj i ^-W- 11 ^jj** j* 3^rl l iI jji j ^*J ^ 2d cm UjkJ J^ ^I^LjI . 3fi ■ 
'jkji b'L*» Lli&l djj oiu> Ol^w JUiull ^jL^ j^Jl ^i it£]l ijjt jf.j*Z jjw . 100 g 4ji^ Jii aJ jLu 
. ili£Jl J»jj* ilSl kpJI ji iiJIj Zl^Jw JM j>wJl ^ J*ji , U s JiU 180 cm 
Lf£ji Uj>jJ! 4Jl* . 100 cm UjJ?J <J^s o'U Jy^ Jjil* koJ j*!l j^l J 4iU 80 ^ UjIjIj il^ _ 37 ■ 
^b o>j iij&JI &i iM 1 ^j^ ■ J B 0.1 kg,m ! LjJ ^iyi ^1 ^ ^l£i>l ^ ^ j^x, ^ 
^i iliiji oft !*■*!* ( ^^' ^ -^ij^^ ) W t> , jJ J **> ;IjL U ( 1 j . h^i\ J iiUii iJjiJi ^ 
< ! JWSi 6W ji il**U lul^jJi oTjjJI o'Lij jijL U (y.j f 1.0 m L>ji JiU uiiku 
LJI ■-^■■n Iuaj 4k>J jj 21,0 rcv/mm jji Jjjuj jjoj / = 900 kg,m ! ^fijl U jr J p}* LJjkJ *1^*_ 3S I 
ji Jj , igSJI j[ jljjJi vjrt ^ ^1 jlti JJ 6.0 kg l*ji*i SSS (Jj. J! ^j lSjU U^jJI ^ i#Li 
, jpdJI tlij] i^ijjJi tfj^Ji iiLL ji ^B jl J^at ? d^Lu %«JI j^ Ji U*iH sJJ J* gjty 
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{ ^Ij_jJ Jj^Jl iu$j ^UsJIj Jiij! ) j^LUI Jjiil 



X 




•II £** ..«>- tfW ( ' ) ■ 6jS-JI i>* B 8 f J£iJL, ^11 pLU! Jja .. 39 
( r = 8,0 cm UJ»s J_ji* / - 0.008 kgm 1 ^fjjl U^ai *^j ) l$fa>W\ 
ppUl ^Jl La (v) f 2-4 m U w .jj 4JL* c*ku i 2fi0 g liiii ^£r L,^ 

1 4>UI ei* ysSIUJijU 



8-^Jii 




J^j J = 0.008 kg.itf 44I&.NJI iL>*D ^lill j^Jll .js tfjj S^fl&i 1 

100 l*jjj iJL^ l^_yL. iu JuJI il^sJl 4*jj ; lji* L ( 1 ) ... 8,0cm UJJ 

iJU> 'Lt£ L. £_*) j *iLII sit 4^J 4ti!i Jj^j j jjl j^jjl U (y) f cm 



8-ty Ji* 



a^ j\xh L* ( i ) , ^jSJI ^i JiL Ljji-u, jit Jj_rl j| J^jjl -jjoy tyMJll ,ji 6 cm ijkj ^UJ j^J? Jju . 41 ■ 
ji iLjJL ) «__-_! ^L (y) v LjIjJI tkL ;> 50cm Ujji IgJj iiLm ^jaiiU; ILL JJ d^i j^ Lk^Ji 

jJ (y) f> cm iU mj£JI ^ Juajj 6 cm L*jkj ui^u ( ^ji ) ii%* UL> ^1 ( i ) JuLLJl Uull J> ^5. 42 ■ 

i t> cm Djii ^Laj »Jjujj ijjsjJ iJL> 
J[ ^j 45 cm/si Uji te^ Jj-iLj Jb j^l yjjj *j>jE 0,6 cm LjLi J^i JJl ;_,-> Uj o^lf ULu . 43 i 

jJ*< A- jl* ->*.i2 ^ ij£]l ^ dJii j^iU! JjLUI jIjaj U . ^0 kg l^j 30 cm Ltjtj i_LJ ^lju t i . 44 ■ 

■ { iffy I iJj-4 p>^ I+j-Ij Oj^' l?* ^ *j$^ 0' ^j^' } ■ ^ r;R( ^ s ^;'^ ^'j ^j^ 
'^j-u ^IjJjJI ojLjw ^A-*i) Ja_i ^ jljjl ^jjy y kjf L^jJtfj 12 cm LsjLi uiju 4i*ju -IJ^j 5 i fj*^ - ^ ■ 

v «j£u LJiJi ii^i ijUs jij^ u . i.e m/s UjIjL 4^k> 

24" Lbjjj L^ rt JiL. j^_u ^1* Jpbl Jj p»J-3'l ji 0.6 m U^ki JuOj 2,2 kg Lf^iS ii+^w S_^ J^ _ 47 ■ 
jJtfll JL*Jj iJtiSJI yuJu. Ij^_J <ji>j ijiJ Ij_j JJ1:' , v uij Ji ^iij ,> '?!.! in J^£u f nil J ILL ,> ii*J : ,u 
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( ^iijjji iijpaH *#£} ^*tuij jtiii ) jjtif) jd«]i 



? I^jj-I J-j U^;ij ? f LaJl JJ Mji J.*, Ufjli t J^l ^ju ,y*.fi 
^jloj Li ^ iJiaJli ^ ji ../ s 0.05 kg,in ! L-jjij LiLii <jlj j*^j *jj* otf jjU y*jij £**♦ »ji" olj^ , 48 ■■ 
J jL-Jl uj_Aj U^jLj i jllyl gjJu rj-*^ 1 fU**^' si* J£ cw(5 Ijj , 4jj1Lhj yiji ,j-! 3 m *if j JiU 

8-4 uii! 
u -jm*j 'LJjAfl "<£j> Jj-*^ 2.4 kg 4JJU£j GO cm tja ■^mu J&ju cut ^jJU lij'jJ' Jy-JiJI tyJ Jjit ^ _ 49 

. 49 ilUJ ji Li v^vJI jbL L ^ jjjJa jLitJI i_i_^» JlsJi jjj LJ ^L^ jji 4JL> J 4juUI ULJl jjJ- GO 



MO m,,-* J N ' 




in . t 



8-i0f jia 



^j> jJ j^i* 1.2 kg L+JL. ^Li SbS ^Jj^ &jjS S-lQi JSifl j^ - 51 

J->UI J| lw^j£JI ^j^ rj^' •-" <-*£ **j*^*JI *^j** ■ 10 re via J^uj 
lij (v) , jlj'il jLj_>JJ jJliJl jj^mII ajj j_>jl ( I ) . O'x'^ 1 jj* - *W<3 

LJ . ;^ull lj* 30 Cftl ijJi Jaj J* L^li JS ■■.■^; -I | _1> ibvi jbjill iip- 

? j!jjJJ DjJ^Jl ifjjl ^A 



j_»j j— j I j jj-*4 J*-» S rev/fi Jj_juj I v* 'jljjj JUull jjjJj ; ^jjji iX^ jl* ^' ^^* )5"j* j* e-'j-ol sh^ - ft^ ■ 

jLluSJl ^_wiJ _ Lk Lf_uiljj jj-ij i\jA\ ^Lu^j Jjjju . l.Skg.m 2 ( ^^iLiSJ-lj sl^ilj i^ill ) l^y^Jl ^IJJI ^wwl 

f 3 dull jl^jJ -ijiLjJI 4f j_J[ jjji* U ( I ) .2-4 kg.ffl 2 J; 4£^uli J'jjl j^jj 1 i^ j| j Lt^> 5* J.wjiyy 

, r jJl v a^JLmJ^ si* i .liull iij* tilt jiili Jj (w) 

^4 em L*ji oU^ jlv 5tE ^ ^_/Jl J* lii g IfsJoS' j_^i* d^ . 45 rcv/min L*ji Uj-u l*ji^j 
Uleljj |^1S Uiir 3 rcv/s L>jIjuL Ijjlj Itj^i Q}w u'jjjJV LnJljJI cuG J^L>J1 ^1* ^jJl jAjj* j>( jJ . 54 ■ 

. "&\1\ J 15 j'ji*J j^lSJl Ujj-aJ tjA jJiii W^'jJ L>^**i LejijJl Culj JjJjj r T^jljJl JJ l^' j^JjAM 

. Lpi'^ iilt i jjiH Ljill L_Jl (i_i) . 4^&II L^lj^JI LpiyJ Jjrfj^ifl itj-JI { I ) jl>jI 
**Li j_i i>^jj I„ <J_jL ,U> J^Jj jJ>jil1 JU+1 kjJi 004^ 4Ji^ (Ujij , u Jtii^ jaLaJl jk ji>^ . 55 t 

JJ kJ^ ) J-**Jl j*Ji Jji Ujifi ji*'illl t£^j L t 4-Jj kJlLI JjL>Li "ij Ujtib 6j>aj jb-jill ji yjji; 
. L„ ji I^IS v jL»1 *51aJI jja3 ujuO J lPj^ 1 ■ U /3 (-*) * ^« # (v) l ^fl ^ ( ' 3 .( 3 / liJ( 
; ^j^ J_pi jiju 6.0 m GjJJ Jumj 150 kg d^ ^* yja j /^ LLI JlitS'l ^^ ^s JJhJI <jIjj yj^JJ . 5C ■ 
^jlaJ'l iiLsJl J* Lialj 80 kg tfitf J^j ^Lf Li* 15 rev/min y^jZll ^Ijjj le^ cwlSj . tj5^ ;U j^lj 
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( i^jj J jlj»3i ^ oyij jiiJl ) ^Oji j^ji 



jj j^ull p4 U (v j v 35^1 d Ln 3 m LijJ uU >jJl jj^ Lik ^jiJl jjoj Jp «j- jl ( i ) . 4i 



I 




8-1 If jSi 



*i ^j L2 rev/min J^ ^ ^L£ W *jL-ll ^J J^JI Lljj ^ ^J , 57 
UUJI > iLxi ft kg ctftf^^ ^ lilj . L^ Jfe ^ ji J^ 

! J4JJI A-ljjJ *±U*Ji Ijijjl &jjl jljtt Li i L*jLsJl 

■ ^ OP 1 * Jj^ 1 l**j*JI ^ / 2 j 11 ^ 1 '^ ft S^ ji* u*j* Js*-I 1% lijtA 
* f O ^ 4*ktJ &^ FJU ( j ) . ^L* ^Ujl ^ /jilj a, = ^ £- 



J^ 



be 



^ Lpi J j L Sja^ y U^ j*»j}| ijttf ji tji 1.5 Jlj*. <> Ldttf ^p ^1 .**in ^ _ 59 ■■ 
L^S olj^i Ji i^j ojLfji Ujfe ^ i^ U^i p*S ^ i i^y U'^J *j£i lJu>l ^ibjJl ^ 
UT S Jlj_> J] p^iU ^! JdlJ^JL UbJi iii ^ , ki d^j* ty& il^lj ^Lj^iVl jUfif 
>* U-( I ) t L^ii Ljj 25 J^ ijj Lsj^ Jj> jj j li^j J Ugitf fit , ^vJJ) ^vji _^| a^ p ^ 
x^Ji 4^*J.I uUi <*J j^jf {V ) t j^i iii ju UJ ^^ 1 jj U^ J^> =i>lj y L^d rj yjl ^ : jl 

^ Lij-Slj ^m j_* jjjy 25 g 4J13S" ; a-12 f JliJI J foil ^LSJI , 60 M 

iJLi' r - 72 cm sjjljjl jks ajj ^S Ujisj , L*Uj JjJIJt j5j* J ju^ 
kjx- 13] (y) f F djjJI jlii L ( i ) . 30 rev/mm ^UU ^yi b Ji 
Sa^^I LjljJl 1pj_J| jljjb Li 1 12 cm L*jjJ iiLuu, jL»i Jj iuill 
j_y J.^; ^^,^1 P 5j||| ik^ijj ijju ^1 jjji ji l* (j) !■ lJUU 
ijiUl jJoi J^ ji kJb ii> _^ l __JL5Jl £,t yAjjil ? fiO cm J[ 5^<jJi 

Gil* J3_> JJj L^ ^ Lsjlj^ L^jjj ^ Jj^ ^Ijjj y JL « i^Li J^j Af i^ ^Jljfsut y&j . 61 ■■ 
*j-^^ j^-"^ ' ui f JM *j*-* -^j ■ a^>" ^^ ^j^' 1 ^ P>*^* w ^^ m* j*?] ijjjj J j)^y Ljjo^ lLi> 
jj U£fl 5Sj*i| oUj ^ JjjJili iplil 0' ^' ■ ^1 > SWi ^jTfl ^ m Ml oLj L^ll ^ ^1 
, JiW\ ^ 4JLL. ^ aijjtfl ^j . Jtf/(M + 2m) tsjL; ^il^Jl L^ r jj iMJI ^u ^ 
Ji^Jl ^i LiL k^l jj> i>t ilf dy>u 1 LJju^ J^ jy^ uV^r ^'j ^^ ^« ^Ij^i - 62 •• 
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( tyijjj jj^ji ha } uu } j>40i ) &m >ij! 



. ^Ijj^^l L+Aijj (> 2.5 m Ltjja liLu ^Ijk-^lijjk, ^k-yj "oiljJI iUwJi 

n 

, (_*) i^l LL*I « JilU l$0\ 

jj* Qyj liijjj ^IjjA. E 0j ki J^Oj M U+Li JS *Jj5 £#1U1i jLflji . 64 ■■ 

. ( 1^14^ JJuS ) ^ Uji l^jlj «^ iiiSII ; _j*j Jj> Li1ii*l 1 Saii, 

. <^ UVjj (t) ^ , ( o8-14ji Jii ) ay UjjJ ojij kj_* 
L^-lo J_S LL*5 U^Jj 3j_i3 ill* ^1* tS_^Vlj 1i*jlo L»u»| o&ljbJ . GFj ■■ 
Tj ^jI)| ^jJ Lk*JJl ynti ^i yUJI^'il cjli . 10 cm LtjiiJ kidj.1 1 kg 
£i 30" Ujji ^j<j M^ JiL ^jl^j ^ji ^ JL.1 JJ jjjSUl ■> $$ ujaj 

■ ^Sl J! lS>^i J^> &*J jsui tSjUi J* t«3AU J ( ii^i ) 

*Lk ^M . i/ *±il\ J^j. ( ^L ) Lf ^U! j|.u ^j l^iijj 4tfl tytt y*$J jjljJI J^uJI i^i' J|y_ fifi ■■ 
, lt+aJI <> jj£ \t vjil q*/fl uj£ Uaip ^JjjJI L*i*J JJ j*i ^j^J Ljljji it^jl jtjft, «,) oLJV lujWi 




fi-l3 f Jia 
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Ben Rabah 




Ben Rabah 



^Ul t jaJl 







u£U j Hutu A£ I ipe c IS j *! 'ii Lx! 




; 



uiuLjil Jl .ji\ UuUiai *-*v $ ■"''V WJl *ij» <J-djJ iupUl ^jLII lW UbJji djaJIji <Jj£JI j^j+i* lij^b jl j*j 
l+i y'jj ,ji\ .jtfljJl sy v ^t-ij ,>. ^Jtu-iji jid/^ lt'^ 1 C^ J ^' J^ ^^ Oj^ 1 ^ ■ "W ; ^jS^jjiUI jl 

LjitfJl ) sjL+D LUaiil LjjLjjiJl oILJl L-<ljj LI^jI iv Sjiill tift ^Jj jSj , <ill>jl oijUJI ^ 3jl_y>JI VfjJjj 
Sjfi>H\ Jljtil ftn lhj ■ ^*jWl ^1 >3lsJ LfJkjd ju£ will J?I*#1j iJtkU Ujj JJj5j ( 4/iUJlj EUlj 

. iJL*Ji jj jJ*ll1 jl (jlj*Jl I>jJ jl T^ii'l 

, j_^i jwtiil ^1 yiaSi) JL* Liu'iall JUjJ ^£ J^iii< jjfjt ^ flrZ SjLiD Vjl>^' i>?l>>J ( j 3jl_j>JI <U_jJ ills 6 

A_»LkH olj>j & bfiSj U L$J Sjljj-Jl oL*i' ^Ld i(o>j Jj oUJI > ^ UjLuLcb s^l ^i Jj J-jil ^ 
Jl JJLUIj JJii J| Jj^l ^if-1 ^l^! J-J3 ^^ L lfjij>JI Li^^J 1 6^ l j* jli diji , yii JJ^Ji JdJJl y' 

jj^U . ^JjJI JL& l^JCu il^, "dtjki DjuJ v ^ JjjJJLS 1 *Sj*J| lift Ji*j . ( Uwij cjIjjj ^ jl ) M^m 

-ilf o"fil J4*: 3jU»j oj^iU LlA^i ^Ll jJw jiJlj 
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;h ijjfc l«-ii djUl $ JJij Od ^k** M 
[^ i^Jjjj ajLLl ji U_^£ oljjJI L^ y^ ,J>\ "wt^ 
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Lii 









( jjUif kiOli^l ^IpJI ) *^LiJ| jjiJl 



^ <kjs jUi p»ji ^ J l^ 1 ifrpil ^\ oi Ujj iL* ijuS 

j_.Ij*J1 $1 JLL 11^ — 5j , Cy^j l^fi JiUi j] ( o*L*Ji j "dLJi ijUl ^i 

jjUi ciip l_.jiji ^ j^yi ^jj jji^ji j} . jjiuiui 4LLJ ji* jMj^jij 

±^i u^j-Sj 1J ^Jl li^jj ^j *£ ji , i\Ji\ ^w ^ ,ujj ^ 

vW5ll l+ii-j <U3 tflll ^' Jii l*b A^ 3j^ Ji1j_Jl a^iJI 

. LfJ* j^Ul ^jb 



: 9-1 Jii 







jli 







^-^ C-^ *jj— lj 



. INaCl) 



, ( 9-1 Jii j 5jlj*JJ ^UjI & { AipJ\ ) L3LJI JJ 

r 

i jUfll L$U LJji LjS^S Luj L$J jjl^Jl Jaw ; yjui . jjUl oil* ty 
.Uj*JI afi d! »61\ JiUI 9-2 Jiill J£^ 4 J^JI j^l ^ Jjri o% 

u*-*j L r*%>' i ' J^ ^'i^ 1 /" ^^ ■''■"J- 1 *j' -^ ^^ ji y i ^ ^ ^-^ 

Ljjlijl ^oIUj-jI jj_j J»_>jjl jjJij lLi_l> . iUliJl Jj^LaJl Ju£ Liti aj-LLl qVU 
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( IM A&Urfll &\yi\ ) ^U)l J-Jll 



g j] jlj ^jj ^ 



aU&J 


3-Uy* 


(kg/m»}4Jlil'i 


wUl 


,J La li'C j 1 atm 


lu* ) OijIiJI 


<^>> 


^ 


1,25 


¥ 


1,20 (SOTblj. 


0,179 


r^* 


LBS ^jitl trf ji'J 


^ ^ pJ U 20' C 


j^ ) jJi^Ji 


(dL>> 


LQOxlCP 


f4 5 t;i .l. 


MS&.xKH 


iU 


1,025 X 10 a 


W 1 '^ 


7fl x 1 fia 


jyy V 


13.6* 10 s 


HTO & 


0.S60 * 10 ;1 


-iljiH^ 1 Irt> 


( 20"C ^ ) 


*{^jl 


£.70x1©* 


fr ul 


1,8 * 10 1 


(LijUj [£# 


B.7 x ltf 


A- 1 ' ^rtAJ 


8S9xl0 3 


irt^M 


24*10' 


(W&) s^j 



19.IU10* 

0J2 v. IS* 
7.8G x HV 
lUxffl 

22 ^ 1 J 



(0*C3 bB 



*uiyuf»-ajjj* 



ami 


iJU! 


ijlyJIifjJ 


(ji/uin 1 ) 




HfQ 


IW7 


J, 





u.wts 


jiu 





l.OOO 


JjU 


8,'JS 


0.B&97 


J»* 


10 


0.9371 


J1L 


. 25 


0.M84 


J^ 


100 




^jjl jjjJIj utiiJl 9-2 



■ JdlS JjX; j*j t iilftN L/ +~^ wW **-l> ^i>JL*J L» lj# 



auiii- 



ijLli 



f^ 



■ jj£ <iitl5 lip « 



„ m 



(9 1) 



LJL>t LM ^ frflj « yji >Jfl c-Ulj* jlLSJI j* M SI i^l 
. jljll ^ ul&J Uwll will 9-1 JjjqJ Ji*y ; ^-iaSj jjj*jjL Jfl oL«l aJL 
^*_-m ijLs J£ oLstiiJi jjj Lp_jfj» i*jj tJljj «*B j'jJI fJ*« J J 'j^J 
. 4T j a C jJL^jj i^j t-Ul _p * iu*liJl » «ii is* jj+iil MSfcu'll i *jjM ft;u 
ii^-SS'l o!ji L^j ^yS Liii jJ l^Jji HjO Jlfi* ty£l jBJI !JU ^ 
>J ^jj a^jfi JJ ipjt J&f W ^ **#" ! " ■ p^ 1 Wg ^^ 
U$S jjJ) li+Jj s **k-JI ^Lj cjLj»JI ^ i^JUJi i^ 1 ^ 1 ksW)$ 0* 

I^IjJI oliljiJI >y ^J Ifiljfj* j| ^JIj ^j^I «l»-3 L^S* t 0"C i* 
Ijlj . j^^^i Ji£ iilttll ji LLyJ Ullj ^ 10 Uji Sjljj Jl jjjj L»j i ^JLiJi 
^UjJjJJ UUI Ljlj>il iiLkJ! o^uJ J r 4 5 C >j jjl^l L*-jJ ^ijjl li 

jjj^i ^*Lj iia . j^i jijii au ji i^ c^>ji ^ aui k.j« ^ ^ 
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( ijUU UuillJI ^Ipjl ) USJI >iJI 



, a^l ILL J_p till 1*1$ yu^ijl JjJUf 9-2 
j-* j+j i LJy- > pJLJI ji i+L^JI Lj^UJ l+j .Ul u*l*i, &# L-tiJf i& 

LJit .y ij^j , ttUJI jJ^IIj ^ Ujd jj^ p>J J j^'ii JSJj ^w 



^d — Jji OjjS ;> Jji tit J(j ulJl 





j±j 4*— ill JtyaSj 1 UliSJlj ILjj il^ji UwJj* L^L* (SG) j*^JI sull 

: re j^ >ui iil^5j SjUI Ultt 
p 



SG=- 



H ; 



jj*-J j^ ^ili djiijU Ilk 4jU yj 



. ouJjlJI jle 2.70 j 1 1 .3 tfjLu , 9-1 J Jkl >JJ lU 

j»jl ( i ) 2.00 cm ^^i > JS JjL ( p= lfl,fitf0 H'/m* ) mjJIj^I fij ^X, 
I iUiiJl ^ ^ ( ft = 920 kg/mi ) ^JSJi > ^ ^ Jjb L ( v ) l «&S 

: ^1 ^J t /j - m/V , i$£ll Jj^ ,>(!): j&w JVjuwI 
"i, = p H V, ~ (18.680 kg/m :i )(8.00 x 1Q~ 6 m' 1 = 0,149 kg 

: -uiKJi iJy^w o^ L Jj*' V (v) 



( bjU) iAyUull ijb\j>1\ ) JuUfl J*mJI 



V =-^= \ _ 16axl0 n m3 

' p, B30kg./m a 



*jjjil*3Ul*»i J>> 6^9-3 







(hi) >>Ui 

(ALtijMfl :MjS<i 

. Juflifl JiL %>J ^fewS ykii* 
, M^jjO lilted yi dj* ijjiia jJjjj 






[Lit Lmt^jj F cJ__Ji :smU' jj_jI: luaj AL jIjL< JUaU ji Oij L, JLslll 
oJj^L-iJ [jt ^^ lJ^Lau iJUajLll jl f 1703 _ 1635 ) Jy ^oijj ^J <iljLJ 

: djA OJ^ j^' 1 **ifu '-^ ^j* 3 j* '^ 4^LJL±^S~i J^i *ij Jj 

'-i.jJ.j1 I jl Lj^I iX*ji« oiijij i-Ji - *^ ^~^ J^»J^ jjJill likjiy JljjiJ Jiifj 
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{ UJJ i^ii^! ^IjiJI ) gjUJI JaiJl 



aj^ij j-ljiL "j L±i_Lhj jljjJLe 'Ulkw'jlj a j*!- 1 j Lull Lillidl ^ i/J^ Jjh"ji 






-T* 



U j,,-j 



iL 






*\#y- 



b-UI 



(S-3) 



h i 

r i.- .-.j. 1 



A/J/, j* 



: A Li 9-5 JiiJl J sju-sUi JUAJl J/uj 



Jtriftl 



AL 



p 

j^k^ fij* •»* rfl aV * ai ^ fy ' ^tf> Wt* Jw^' 1 Jy *% 

L^^l Il>UJI ^b jAyt lj*j i JUii'JI [>* J>> fejjj! Jlli» fill ^1 1J» ^ 

^ 

lijltl SjJBI ^UL j^I J dUi , Jjj or^ u ^ » jU J Lji ^ ^' 

: Dj^aJi Jst 6y> u^U iulii' ^ ^j - »>^ ^^ -1^"% 

jl+>^l = ( ^B ) { JUiril ) (9-5) 



ill 4JILU gj JJSJ Sjiji' JSI^ jii Jjft Jj33 jJw 0^! 'jsH' D "*J 

jjj lUavlj iJlkLJ ^^IU ^ j^LutU JL) j^lill ij* ji Jja ^j^ oLil ij 
jJiL Jj^ji jfjJU jp ILL, U^ijl USj . ^1 r U-^j o'5>jJI 0* J*»JI 

i 4^i*j (fill tj^ji ^jj "til ^ ji* M ^ jW ' ^ v^ 1 ^ 1 ^ 
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( wy i&iU*li o^-ij^ji ) ^w >ji 



4J*J| JjU, = — (9-6) 

U"^ tf* *-Jjji^ J*Ljw -ifA>J OM 4 °'- 1 - > J UJ ij"-J ^4*5 JUiJ^I jl i^>} 

r 

"lIUjul j£j£Jl jl4>)'l v^-y ^J^* ^ 6j^£ iJ'Jjil JjIu jl JaJ-V , Jlf^l oL>j 

t .ol^l ^i t JLA*j . Sjli> i?-j«*^J ijjUu iijjJ' JjUu jLJ <ui*j , Lii IJLi 

, ^LdJ U^'ij ©kUil 

jl ( k~uJl iUtkL^I i_y^ ) il jLf>J jfiz yi jiii FJJJI IJlAj , Jilsll jLf>)''j 
^fjjF L^jfjII JjLu ,i i Mj , J_>l i i-JU J ( i i^fl J^alJ l ii-ij ) JiiUu jL^>I 

'* 

jsJI <UjIm 4JjjJI J> iijjll J*ljy ^vmJI ^U* p)jt J*Uj djIII 

UD 8 N/m a ) 





0.13 


n 


23 


70 


r^ 1 


0.45 


0.35 


fiO 


m 


90 


jLil u-Lj^ 




0.15 


140 


42 


110 


i^law 






37 


13 


5d 


E^j 


0.32 


0.17 


100 


70 


90 


[ J-i'u) JjJ> 


fl.02 




A 


(5 


1G 


(jjlii) joLaj 


0.05 




5 


0.5 


1.4 


ij^* 1- iS 


o,oa 




a 


B.081 


0.004 


J>LL 


0.4a 


0,24 


ieo 


B0 


2(10 


t_ll ^ 


0.41 




20 

1.0 

25 

2.2 

1*10 J 


120 


350 





327- 









( uUJ AjfrflSJA ^l^jJi ) ^uji jjiji 




4L 



■♦ 




: 4CtaJL 4j*iaJl Ajj-jJ JjIm Jxu 

mmjL, ) . WA) /twits 

(ffAhji 



J^ fij Mil ^ UJI j^l j|j Ijlj . j4J| ^ jj^i j+.^jfij^ 
lil Lib 5Jlb^L, J&to*; J^ l^i Jj , j^j t^jjU Ji ^ J ijLLi $ iy\ 

si* jj . M Jiiig o^jll Uijlkllj wW fr v^ ^ UjL* b'l «**) 

fagjjjb jj^Ul ^LhSl ^i s-lA*U ^JLJtj j^wi yL^j. J( dj>i jyjf ,i* 

jLiu ijj^Jl ^ ^i)j . Ai /L IL-Jtj ^1 JUi^l J^ Li , f I A <JL 
Ja- jj L fl Jjklli . jiiJi ^ j^Ji 5ij j^j j^y j,^, ^ j WjJ 
j^ ^1 5p Ja^l—J jJ*, i 9-6 JliJl ^ jj, L> LitZJL^I ^ Lib h\U 
jUi* jLV AL Li . jmjM ^jjlj ^ ^ UjLi, 2yj^ ^Ijji j^i |^ a ^ 
Cm tlji gi IU£« Ijfcj , J^jl l^j, jj L^JJL JaiJI lju, ^Lp tfj*! i»|j| 
j*W ^Ull Jyrfll ^ . AL/L fl ^ tm# ^ ^JJI JUtffl cji 9-6 J&Jf 

7 ;Si V^ 1 ^Jj* 1 i>U» jl j*; Sljjll 



5_ FIA _ FIA 
iL/Ljj tan c/j 



AJ h 




^l ^i^^l ^ , ( Jii j i ji^jj ^ } i^ ^i jyjj ^jj ^ 

: Ll^j l tan 4> =* $ 



AP 



ga 



i p >;/ 








ijb 



. Liiill ij/II^b c*>J (AL//. Q ) v Uoi L<J^ 



;--r 



Li>^ AJ J L^,> jxj — ii isL^ yj 



^ iju &u av ^ufli |^> yj j^jdi ^ j^j^ , ( 9,7 j£i ) aPjIj^ 

?W jL^Ii ^j 1 -iV / V ^L Jl*L^ll J^ ZJUJI bib ij , ^^i^ ^1 

. ll^jj AP ^ 'jji: QL ^ AV 0^ iJUl ijLi^l Uiji « 
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( sjWJ i&t#\ ^iyJi ) pitf j*i)i 



Iul^hJI Djjil Jjkj = 



AT 



(Hj 



i^joJI UlUtfl 



; Sj^aJl It 4jWjwy)|I iJJjW *bL*J mSS 8ii*j . lu-r^-Jl lij^ll JjLpu wjJju 



-4S = tAP 






^ ^JL jjt jj* Jjii 40 kg l#it5' SjS ,> ij^J l^IjjI*- kls jj ^bu Jjiu uj£i 
1(1 ^jL-u Jili jL^I &U : iJt] JLJI 40* UU ^* U ( I ) . IS ra dJjt ^U 

* ; i^JLaJl w4 jl+>j -U^m jiuj uu£ : Jljhj 
ji j^J 9-3 Jjju*Ji Ji fjaJL . UM LitlL >j SjU j— 5 jl+>! : LWII 

. 0,48 x l(J*N/m* ; ^ v 1 ^ 1 ** *V L 

,i> ^ jl^l. l 390 N c£ L^jj $ <J#j i 40 kg ij0 4^ : ibL>V! 

V A JJI «b$ "*»L. ^ Wli>JJ |>j$l iMJi j* U : JI)- 
— -(0,.LOX0.4Hx 100N/m2) :$fof 

. tfUL. ijm ft!) J 10 ^ Ji*. 0.10 J-Ullj t K = 3WN ii> 
( ; jl£l jI+^1 Ijl« JJl ULkU «>U U : J^ 

: ( +Ui Y = 200x103 fj/ m a , 



Ar 



390 N 



0,48 x 10 fi N/in a 



8.1x10^ in 2 
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( uLIi 5^*1^1 ^IpJI ) ^LUI J^ill 



. Csp 1,6 nm dLJi _>ki ui^ ^i j^l A = xR* iibUll »kia*|y 

AL_D. 48xlO* W/m a 

L "200x]0 5 N/m 2 



2.4 X 10" 



: Oi\ 



AL = i'2.4xl{P)(]5m)-3.(3mm 
L*UI ^ 0,020 jLi, f ^l ^ JL JJ^ ^ ^1 j^l jU* U : gpd 

1.4x10' Mm* ; LUVI 







«ljII J *toirfl9-4 









A 



(9-10) 






jj) — jijA 



■ JF / A ^ U: ^' ' Jj ' t,,J ^ J ' F| 3jJJI 6 " < " BjU t^' ^' ^^ LJI ^ P^ iL ^' 

: J J . (Pa) M*l SjU ^ Jaii jji>^ N/m* u»jl! ^Jj JJ3 
1 N/ni* - 1 Pa 




pL4 



: H JUl 



■ tS/* 1 S^fr* 4J*5 if! i> jEl ^j I J»iLiII ^j*i Ijjtf oil>j J^Gi jjwj I j» 
0*Ui^ <*.1>L-II iiL*jll ,^m$*l3 Luij oii-^jJl sia CW JaiiJlj ^JJl ji^Jj 

IjJj , ^U ji Jj.ljiJLaJ[ ^LU 3-9 J&JL *4jll jS+xfl pi.ifcu £* 
Jj—ijJI L^*j li* i^ ^LtSli i>L* Jkjnq . F/A* '4LU. ^^Liji ^lj 
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( SjLil (LAmO J^llpv'l ) ^-rbJI J-dill 



L* ^ O+ill aj-i V fill I J*|j iU; ^1 j> l±* jJLo Jju ^JaijJI ^ Jfi 
. .till I J>!j U ii«4 Ikii ii£ LjLaJi ^fi iiu±>Jl Jutf OJLdb 

il L^W ^ II* . M-wylU UjUJI jjrf £iljl1 ^ i^L, Jiku jM 

j^ Li* gDj i LLLw^J iLli y £\y> JSIjJl ji: tlUj . f**ll j* iy 

, ^IjUll iJU jj - 

-L^i ^1* Lib ^j^ *illl <k*i^ BjSjJtl jjSJI yj& t &#- g2U jj, I 

, **w il »j* •■• i?L>Jl » ^ jtuli >wij-aj .jOLJJ iwj^UI 

*SUI jJe -LJI *k_J# »j)jll l^jjUI gj£l ji y*J ^' fi?j*> $J*J M> 

Ij* . JaJl jl* *1W ik-^ Ojijll jjill Jbl »b*Sll ^ jjU*j jljill J OjU 
J_L ,>i >iu ^ *JLLI jS ~LJU LSjtjII oL*j"il ^ b^JJ Liy tfi iy») ^s J™ 

LotiJf ^ jiJI ju£ cj-J *Jj !JJ Lob 

. I^Ls ^ji*, jjic ji Js, sjijil jjill jiL, ^ J ^ i ^U* JiUi J , i 

»j* ij! J* jJill jjiJl JL> jLS ijli . jiUJI i^jjj yjJl* ,> S^Lu T-iw li* 

■ 

. (j5L will jb u^jiJI m ^jLjlL 
jiiLi ~L^ ii*J /i JjJ3 Ji* J^ *u <JsD ^^ JJ* ^jUI jjj jl pTWl i^jJl - 3 

*\L } j p GiiK l«!li Jfcj lS^JI 9-10 JiJjL ^UM^I UiS*. P = flpA o ! ^ 
. yt Jj#JI c^>j A. )jJ J*i Ji ji \ fUJl 4*6 «1UI ^jj , JiiJl jJljisu-1 

f Li i>L** ^ ^L ^ jjjJl I i* . ^U; ^ '<££ p >Jp M = pV&i» 

; frfii pW SiA kLaJl yjj *uLtj t A juaJ! 

A" A ' A 



P" pyb 






: j* *iUl Ij> jjJ l*-ii nil* pLu o>; ft sjji j*t Jfi i»**' 



P=J 



■ = PffA 



(9-11) 



-:i:n - 






( uUI Sjfjjttjll yj^l ) p\jl\ j^ill 






til JjjJj . jliilj ^ ^Lli UJ jf ^ jlj^UiJl D LJ LLi^5U JjLi 

^jj jj^ 9-10 JiiJL ^ jj US r jjju 'Lt j y ^L Wj l jl i ^i*i 
JLi^L ij^ L ^u J ; Ji-i J« F, j^l UiJl ^b oj ^UU jjLJl -kJj 
ul JjiJI jjj L^i- . jlXUl IL» ^uLu jijj^ aMJL il£ Ji' uli WJl &1 JU 

: TSUI ^U *JLJ| y /, j^ ^ JfllUjJl 

Ll# 5jLc Jj J*ij LULi >Uj Ja-b LUJI ^Ul .LL^fl ^Li, mj±X*J Lju* 
j — .LL WJI ^LL ^ L, , iijjf jjrfU y ^LjaILj IL P a ^j>Jl WJI k^, 
^ jjJJMIj J^ . P fl ^1 LiJij 4ejj| y U^Jl ^ jjiJI jlfjjj y j» 
*J ^ J^j ( Jai^Jl ^(^ Jjjj^ p^ jj^i j^^ ,^1 j^|j ^jj jj^i 

: ^;j . p, >;l 



^=p-p„ 



(9-12) 




: 9-11 Jii 

j_i JU rid jii Ai^J, iijii^ 



: $kyti\ Jfi jjftiu «JU J h J*fi Jj JaijJl ^Ijl, J^ fcjj -uk, 

. ,5«Jf j-ii jis ^ yJi itJi p* j^ ^5L jiU y±JUll jjLl . S 

■^ £ U| j* Lri" j 5 * 1 ,*-^>* Li' Ji>^ jJ Lilfi ?l JjULl UJs 4*luJs i^jii BJJ 

i ( 9-11 Jii ) ^jUI y-a y Lp-^ ^ (jl y^j 4>j3iii UjkUl yijffi 

, oLLJ£J^ ^ j! JLu;^! LJtiy ^MjOf jiliiJl lit ^1* Li^ ^! iu 



9-2 Jujij J'-u 
Fi LijIm, sji OjJl fjl , jSJjjj^ j*4* > l>^ 9-12 J£iJU ^11 j^l 
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( u'^ ijijiiii ^ipji ) .^lji jjjji 



: ^1 UjUI Lb* c^ ti^Jj l P = F 1 /A 1 6ji jjjdJi 

F F 

a _ i 

A 2 A t 






F =F — 
2 L A, 





(i) 

t»-I2JW 

j_Jj >ill iji4> ^ S^y S jj»j i ji 

^flj . uuiii *& Tj^i f,L* ytfi i« . JjUi jiiJl J*Ui ji+^ji i\ Ji^i 



LhH 



ill yLi JJj jJj: tLJj . o L ^< W*^ J^ 1 u^ 1 - 11 ** l *i d 

: ^ JiiH JjIjL 





(9-14) 
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( SjUJJ l£# ISjJi yjljiJl ) ^bJl j^iJi 







^ : lpl ^oJl ^ V 2 = ^ ^Uj 1 ^l^ll ^ ^1 ^Jl j* ? • = A^ 



4l k 



J 



A A b M 



JjJi j_4 jii *^j]| Ajrf JjS- u^Sj j 



c 



r. 

= 1 



IV 



out 




Ail 



fLi -■ 



X A 

I 






! 



: B-13 JL1 



: 9-2JH. 

, y 13 ji^u Li n j^i j& ^ u>l>j <^i ^> ^ c^fij 4.ui ^ 

f «qjll H3 LJ U 1 ^ SjU J J3LMI ^ #OJ fltf lil 

Jt^Ui&jH ¥' & J j*< ^ o^ L uSJUl i,tS liij . ( 9-ia 

, jki Jj <UI ik^ 4^ yjll ^1 iijLs JLl ji Jjyi pUi 

jsLJi jj* gfjgUb j-t^T! jJ; UuJ ^JiUl Lf Ku gl ili J** > : J$* 

? j*yyj 

, D Ji: ljjLHI Lw jyi, 

■ ?* ??«!*« 6>^ ^LillUi JjJjj ji 
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{ SjUU Lijjliul je\i>l\ ) udj J^ill 



^M4&*£U2«u j^u4^u^ i u*jj> J ij^t 




V uL ^i , jiSi jfi , ji LA^l Lijj plii ^ ^L jjj[ ^Li 
4JI J>jtJ-\ J-diil J-lij oil) k L*» . y^L jj iLy_«j Lib iijfi ^ L**^ 
^b rryslj 1 L>Jl »ym j>i Ujj ^ic ^L Igj^i iilji v iO> ^* 
. 1 jji ^iUl IjjJI ^jLJi » ^b U5UJI ui ji^L» ^ dij 12 ttgjtf ^ 

^^u :>i &$ Jit c^jii ji ouyi j u j* ji ijjtf* Cju? cdi jAj 

■ «-».tff-Jlj 4$fM ^^ 4 ^l j> ^ 

^ J 3 ***** g^jj '*& ^JjuJI Jl^l A JWi otyl ^ , jj^l ^Mi * L>i*; k j i ^L^Lif f ifcJJ 

i>Uj i 4u^vJl L^yi oliLJi ^_. j^£ J> ^ oLiUjJI Jjji-i i^m ^Jj jiU jj^ji J* ^L>iJi 

1 NASA .L^iJlj jl^iJJ U4/JI L^+JI v^*J giWII Jioil JJU J j*I : 3l JJ cJjL. Li, . U±i } i£U\ 

■w-y 1 &*» i L^i*JI <^j% C j l i** 1 ^ dgilil ^j^ ^si ^Li Offi . jj|jj!fi ^a j^ Ut* »JUI tl»j 

L-iill jj^i ^ fj»lj j^jju ^jjlj t <L lii cii jiJl J^l j^jUl _ .^jj^li ,l^H\ ^^LLJ liU 5jQI sit 

LiL ^ lu iiu»i j_g ii^j ^ fJi ^ 4*JI Ji 4.jh i|Jj . i^ii y ^^ji ^ sgfkS ^Ji ^U iUJi ^ . 1^ 
^jjj JjJ LJj^ji ^ pJj Lu*^Jl L^JI ijlffl ^ .Ul JJ «UJi jti Uj^j . LiU ^ .LJI ^ l^.aJI 

. v 'j^JI uA, J ^\ JiSi\ *, ^L^J * jjjjjSl ^oi 1 |U yL^Jl ti* ^ IjJLLb? 

k^V iij . _^Ji J jjjj^ L^i ^LJJ Lj^i L^yJi fljUJi ^j j^J! Vjl3 UkL ^i ^^ ^jjl 4 bi*Ji gi 
juj^ll L^ $1 l Jh i*j lj] , Lj^I L^l Sjjill jjs j^ ^ 15jL 1^75 f U Jl^> ^ tlj$l *L*LJI ^3* 

. Lfji*i( LuJaSJl SjliJI jji L>j obUjj* jit 

6^ fJ ■ L«--i*+ii o^i ~^y>^ j>\&tt *U*j g^'^jjiJl ty$9 >Lj; 41* uikx, i^, \'p ^H\ yg ^ 

£,1 LL>J1 ^j ijj^l Jii^j , 4> ^^jj L^l ib.J. jj^j yi i^lj , 1 ^> J ^^ ^ ^ ^JU> l>J lii 

jJp SjU j_^I ^ ftrt*-*5ll M^U ■ °i j 51 ^ 1 f >JJ ■ ^^ ji ^ 1 <> if ; ; ^ 0^ uA &* J* ^ 



Nation a] AeronautiCE uns Space Admin&tiwtioji f 
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( 5jUD V/'frjl* jjIjjJI ) utill J»mJI 



jiU4 iij^iill (>l*— ^'^ ol jJ |><* J^*^ J-^J * D***- 1 ^ jr-jJ 0^ *^'j" J-^ J! k^ji '^*J L IT 1 "" l Jh* &* 



LiLj liilhj jij3l «k«i ji* j^j-ll jjJ e-j — oJl oLi^jLj jlj lifJj i jjjjli ^j ^tuj ^ jjL ytj?l aJ^I 
■;; ■■; jj J_i l ^' -- 11 Jjj> LiL>! J ijjJl jlj*J l_u^ C\ J jUi"jl Ljja- ^ j^JUjJI jj3 *jdJI SjjJfc* rvAijj 
jj Lu JmfcuJI jji »jd]l jj «L> J lj_juu 4JS jjAj jl v%L«v 7^4*0 lijjfrj* (jjjj J I oSj fl lj|* 1 «d*J' u^j- ^ 

IjJifi DjLwpL rJLy jl ±j"^l (|>JJJ J' 4JjJ? j-J wifj^ Jr$ i^l J uJI TW^'jJl |> ■ U*d*> ^±*^' ^^^ ^^*J J J )i 

IjUj f 3^11 <«l*jl ijISH j* IjLLj ? jjj^! ^ <jU : ^ US ^1 v*J Mj* ^ 4j-L*S« *L,ili ^tf 
CFCs ) Mj$yyijlSl ^W friftfc ^ttf ^ ^isiu jgjjfc ■ J^ 1 J|j-Jl ij* ^ u fej f ^ ^ J 

t oL>^DI y j^J oljUj Jilj^ W-iu piiJL-j Jj 4_jUU Utti obfy CFCs ji Jiyij . j*Jl ^ ( ; LaI>^ 
. jfjjfijSlI jJSj iiLuj^ LilLaJl ^LU*JI J LjJy JuanJl iiil*j Li" i ^jfi^l l^jIjS^IIj jLLVl uLLb ji j>^l I^jLu; 
■j jajj bt j— ill 4jj— *; Ijl^ LJUJl oLctiij^l jJU j>Mit,i,Jl jji 'j^ll ^ilj ■ LuLi*^ *l*li CF£]fl oLi'jj jt jl*jj 
, yjj^l olS^ & jjjL Jij» j^ii L^ ta.ijji jjJiH 5 ; jj * jjj;^ 1 J 1111 j^ 1 0' ^ i;l 4} ■ J^ ! ol ^ 
^j ji*d J_>^ lit t ILa. f i^jifljj i^iuJi ijUJI liU ji5j , j^S'l jjU ji jiyJ\ jht)\ ^ CFCs $ ji>j 
yUi jj^ Ua>^f. ItU Dj»lb Ui>^i <^Uw)l jUj^I cjULj Lljj ^j NASA tl*k ** oi^^J cii ^1 i ijj-JI 

i r l 4 — 

A-jjl L»5j « ^1 j iikU j_j>I )J*j : ji*" o*j Lyj hf J (>^-m J] J-^ jl (^*jj (-lull ^ l-i* i-iiiou ^j£j 



i r i»Jl 6J4 ui^jj **JI (p >LLp ihuJI ji** i_iuiul ■LJli' ^ji JJjl <ULuil 3JA jj . NASA |jt jv jbj;' ^-^ 

jj J>Ji-SL U»^ hlK-2 jijJ: j_* iby! ojilt JUji c>J NASA yi i^jjJ s^ ijSill cJi^' ? dLjiJl ^ ^ 
! JUL* 5j^>y 4fj^' lA 1 * V^— ^^ L J*^b ■ *#^*" 5 ;^' J^ ^^ Jl 0* j*^ ^ji*J' ^o 1 ' Jj* 
tlliJl j Jiii ^ji; -iJI ijxJI J; j! j> lfatj\ V j^jji' ^ ujjj^' 1 *^^ ^V^ 1 *>*** 1 ^**' **^ ^ ^J 
vLii+5 ljj^JI :Jui j-jju d_lj Jul- , L^_)t» |^i_( ►' i j 4-l v^> — '-^ t *" ■ --L'^ 1 lA* ■^"■ ; rii**" j^ 1 * 

J ^^1 li^ ijLUI JUj-jj o^jS>J! jW s isiU J IKiil o' ^ ^ Ojjj^ 1 -2 6^ ^ >l > u! 
. t\^i\ 1i* ^ u-Wl J*Sl 3jkiJl J«j jilJl J> jji lw ^.j . Ifili ji *#il*H ujjjSJl <i> ^ >i ,> iyjL^ 

E « -r « 
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( IjUU l^iiii y*ij*Ji ) £-wi J*i)i 



■Si 




W 



|4Jv£ 



<+> 



. ,1 ^ S^ ^1 JU*j . J>*JI i-*-&ll ^U^ j^jjM 1 p 

i^i ^ ( i ) »>+li ji 9-14 J^ 1 J! gpyft J^ 1 »> > ^ r^ ^ 

. l^j^j 1+JWj iWL ^ JtfijH Jj*-* u^ W* 1 > b ^^ £}U 
I y»44 Jiifl ^ Li ; i^i & -i*ji ^ M* tiLiJ usl $\ .jip 

^i LiliS p ***> s ^ft jjj^j ifj^i j* A l^j 11 J r* t tojl ^ ^ J ^ 
6 jl*> jit i^H\ jib k*iii &1 s^ ^u 5 ijUt u^ ^j; ji* »pu 

-■ ft «-«& (*- 14 ) 

* 9-14 Jiii ^ 

j^^ ^,j3 ^ y^ ^ * fi^^ 1 W* ^ ^^ iJ ! >^' 0?^ ^ L ^ J >** ^ ^J ' < 945) 
jij , J4*J lit J& ^.i ■ pgh = P, _ (9 _]5 } ^jLJi y jjUi li* oBS 

' S P*^ ji*--" 11 ' (jJJ .' |iiii-t i J" 1 Jj 

, _ 1.0132n xl O 5 Pa 

= (13.6xl0 1 kfj/m ;j X9.30m/s 2 ) 

- 0.760 m = 760 mni 

. 1^670 mm /SO in 

iS M^ iJ y LL4^^J Jibe J i/ 1 ^ 1 J*J >0^ ^» Jl- V« « ^ rff- 3 

ltorr=lmmHi» = (1/760) nlm 
lbar=10 rs Pa (Ljutltf) 

kJLAll ^J oljJil ^^ . fe» ^;^^ Jj*Jl i^Ji ^j^ ^1 ^'i 1 J^ 1 




J l jis cy ^ j.>^ ■ !ii ^ !t ^ 



( SjUJ fl^lSJl ^Ijifl ) mffl JjiJI 




® 




(:_,, 






ii^— a Jjjju] Ldli- ij+^'j Ji^ ' J>^ s-^Uj jiSJ rJj^ «Jj}* ^ ' 9-15 
3jU &IJ jJ* L^aLI iljiijjLJI ^ j>i ^1 dUiS JU* . ^iSJb j^jjJi 

JS ^L?J1 ^jJ i $ } i ( ! liU ) jftl jU 76 cm £$ pi v^ j 1 ^ JJ» 

(9-1 fi J-ii) ji-*jjlil ^ oljltJI Lyuc> ^IjiJ i'jpS ti^M+i y-\ jl+> clUJt 

rh^ iSy-^4 uj-4j Uj^j . UJU >jj}JI ^j t ^ Jll-u Lu}* etjlij U JyJI 
£l ^ flfi i Jiill &t ( 1 ) 'Jj?Jtj ^ jjs l*S i Ij>Ij iy^l ^ ^i ^}JI 

kjiJjl jjj LIJmj i olj^iiLL cjLuIl. i A ^Liljlll 6w ^ jj* 'J&J 
1 ipjdl ^ L.ju*j . f jii*il JiUl j> &3jfl ^ UlL ijiL. jjiL F 2 - P, 
Ju^jJ tLLj 2 pjill J ^Ull iwLe JjJa* (j»\$}\ JV JiyJ j»Jl ^is 1*A 
.- flL ^ A ^ p i >> J 5 ' p 2 6$ Li* ( (y)9-lS JSiJg ■j& p US h 

jjii*^ . jjjjjll i>j litii Jii JiU JUju^I vi»j JsiJJi ,y ij^ (3j / ^tjii 
*3Iaj r_'>I .-I 1 JJLJ1 oiii p AP- i 13,(i0y / p lAjjs ii-i ijUlEyifl jIjjj Jm 

(7G crrt)(ia r e0U/lU00> - 103-1 cm i5j^ oj^ tLl1 J r* ^ ol 3 ^ lSj^ 1 H^ j 







j¥ j >>|^ 



-331* 



( 5jUU ijiuiiJl ^l^iJl ) mGJI >*Jl 



: 5U3JO- 

X>j |{ _' O^ JjL ^iiu ji iJjJKjJI j^| i_ilu ;>ui i] ikuJl ^j| ,Li>^l A* I J 

Jj-Ij LJUJf Lui L. , JiiJL Li' 80.0 cm J^i ^^ ^ j/J( jlSi ilUJl 



< : 80.0 tin t'ii ^ji-M ^ j>Ji $ ^ ij^ : Ji)- 

P f; = flfft i ^LIll JuLi Jjta yU> ftj Liiu <iJH I jut ■ 5jI^)II 

. A = 80.0 cm j iUI u\tf 

v L*ikpJI fykUHAZf ii^M j] gtiUt, ; P,,,,. - P r; +P lllTn ; Ifof 
. ijU> ; 1 atm ^Ui kUkil I i* ji Lu?j3 Gli , P^ 
P tBt *Pe + 1.01 x 10^ Pa 

^LJ u^^.i atm &«j jjW II i\, ffi 'J f& fit y** ■ i 3tAitt*%tM 

J Jjj , UL> J_£ ^j L^l L# j^j ^1 iiyJl J P iiLiii IjUD U*tl! LjJI 

' tA , yLLI jaw 

P fl = ( 1 ,00 x 10J kg/m^SSO m/tf){0.800 m) = 7.64 x 10* Pa 

; ^ ^lljl WJI $ i *J^j 

? Ut =U*Hia#xi^p ia ie$xlO*Psa 



5 Pi yu. MJDanutfJi 




n.mmj™ 



" H " 



_..'' 



Ml). 









(LLtf^li^^l)£-UlJ*ill 



0,602 Pa : 4.53 x i0" 1 cmHg : 4jL*)I! ( : jjijJi <> kSrf-^UVj 






^liiil 



; iW„ = -aP/P : ^ <#i**!i Vji*' J^ : *W 
9 iJUJi tbJtAFl^b : Jijj 

. yJI *U <y 6,9 mi ijjl /t j»* J* *Jfi)l 
f Ap <J(J3l J j^L *Lj o**J jy i AV/V jL^! i« : $$* 

iy> t p = m/V kill £**2 uJ+JI dj»a Jit UliSII ty& ^J • Po * "^ 

, AV=V $ 

P G = (1025 x 103 t£g/m*X&80 m/s!)(6.f)0 miKlGlO Wmi) 
= 1,12 x 10* Ph - 1100 atffl 

ft^iJ^-0^ frij ■ l6 « MM* Mfa? jjU ^ ^ Jl V 1 J* 1 " 
: tfiWL J»j u-Uli iuU JjJas jIjaw U^l »1jj ^ ji^ 1 

^y _^p -(1.12xlO g ra) 



? " B l6xlO u N/m 
= 7,00>cl0" : 



V 



: o^i *ftH ^*J' < OJ! ■ N/n ^ ^* r 2 ^ p ~ Oi ^ 
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( iiUii $£0$ j*I_j*JI ) *wli)l JjiJI 



^ = 0.0000-0.0007)^ = 0.9993 V,, 



; ^ j^j>Ji iiUSJi jj£j dJLj 



p ~ v ~ omw^ Q3m = ump « 



.i&mj o.07 jij^ utssi sjLsj ™ u^i j ijy \ ui J rfj 




jiJaJI ? i>fJu^jl ljui JMi 



: 9-17 JL1 







pifi ^ ,. AJ\L^[> 5^i> 9-17 JiiiL U^Ii ^| jjfi L ; 
'Jjj - J^ ^ sjj^ J^ U^ ^ Jit jjjj ^ill jL ijj^ill i^^f 
ipll it) ULj pLd djjj Ul^ f L> jj Li4 J^ ol ijj iJjU jj ^05 
9-17 JSM ^ T U.WI djJJI Li JilLy . ojj ^ |^ Jii j^ ^yji 
^-^ j- 1 * Pi tLl1 5l tf j }±h . ^1 ji * ;> *ii lAjiH ty£ Ljifi Jii ^ 

11* Jl Jj^yij , jjJuAijI Ijjj ^L j&fl 5jJ J^ jjJ! *5ljl| £,y|j Jjaj 

y^li >Wi 5^ jiJb o*j jjjj ^ \* , ^-ifi jiiju £^ii ^1 jib ^di 

r^ 1 J* W J^ 1 # j$ '^^ d ^1 ji u*j . j-*ji j* jsui ^ jjj, 

kwJI ft! iLbJ L*U L^l L^Li F j^j , F„ Ujlji* J»| Jl Sj5 ^i Jl*jy 
jl $11 Ijill ^ j^SJ ^J £ ^ jjj jj 5j jjl] yj| ^ ^^^ jb) 

uyui h^^ji $& iji .±4^ ji ^jj u fcol . jaw s«i ji5 ^4* ^ jjj 
ti&j . J5UI p ^1 3*^: ^^ ^ aUJI-*i* ^ij 1 J5UI 8jU ^ ^ 

ijjj m ^ '^i*- i h = m S J 1 Jl i *JWl tJJ jj u^Jl J**J hLjJL JtSJ 

! j^iitljl Ijjj ityi Jl LU43J ,1* jiij 

^lUi jjj uSjL^; ^ jjjil jl Lij ^j^ ^ ^L ji (IS jl lL_y» ^y |ji 

. IjI^jj*^ 9-18 JliJi^ ^11 ^Ji i iL 
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( "wUJ uUWl ^IpJI ) £^l >i]l 



j iii-, djU j_ ^ j . v iji *u iwi 




. p <a© J1L, ^ ^ up l*u* ( W^ ^H\ $0 »\j ) t^tii 

ifcj* ^J JiUl ^ Lij^ ^b u_Li ^ l^j ^ ijj4* ^ : W 

. *]5 iJijdJt info- 
s' iijiJi ^> jIj** I* : Jlj-i 

^ jsui ,*> iU jju & . 15 =m, /* , una Jjy* * : W 






-ft43 






{wUuiAuiiai^ijijij^uij.Bji 



; J* li LSI 
dyd UjllJ * )r * Ify { JL,I j| o£ iyJl jiL* $ p ft > ^ ^£ iji . i 

Jy_> u^i ^y j M t ^j jj ^ ijg], ^ 6 ^ Pi < p . ^ 131 _ 2 

, g£j3 / ^ cJj ' ^ta i^i UjiJl ^ ^ fy - p ^\S |j| . 3 



; 9-6J^ 

^ i^j iUi ^J Uli jr i, jAj ^ ^ ^ i.3o kg ollill ^i>j J; iitf 

? cii^ll ^jj| ^, JjJI J» , 1,14 kg o/UiJl 4ib5 

? *^i l^jji ,> jbj gg ijj ij «jjj ism ^ . ji^ 

jl Li . l_^ UUS ^Li iiiLtf ^ o*^li y*i}| ^ _U! $tf ti| ; 4^1 

. ^L*JI ^* ^Li jjju iiliSJi V L> ^ Ju£ ; Jljj 
JUil ^ dUhs U lii , itktll ^(JL^JI JLu-lj ^Ju^ji ijuu, j^Ll ; iUfjf! 

: jis J^^JL J [ill dJj L*uH imaIjj SjULj . £N> 









? f = Mg = (1.30 k#(9.80 safe*} - 12.7 N ; fy*j(j 
; p^ J[ LJb UjUI UjUII > g£tj iiiiL*lljJsJl 



c app 



fc s 



i 

: ji i*J till otSSj (Jpijjtt IjjjjJi wUL j^itftjj 
(LQQx10 J kg/m 3 )(l2.7Nj 



-8-3lx ICHkg/uia 



12,7N-ai4kg)<9,80m/E 2 > 
j^U)^ j-bJI i $ . 19,3 k 1$ kg/m3 , <^| ,1, ^ jj^j jjgj ^jji ^^ ^ 
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( uU) iAdiijil o*l,pll ) £-WI >AH 



J . »j L f-'-lJ! J* ^i'ui 




II 



:9-7JU* 

5^1 iu**ll luJ< ^ L . 0,92 x IDS kg/irr* tfiGS jS *Ul ^ yk ^ 

? ijfc Jj i»L5 $» till *&< o*3 

? jikJl Oaj .^jjl ^Uj^Ji iijill ji U : J\'y 
. jiUi fk* > jl/l UU 

. JU\ ^1 MJI i ^ *W Ojj *i 4* » ft *M ■ W 

uts ^ ( ^1 ^1 jjj ) jr ai .>ii f*> tfjt* ^*" ^ : W 



n V ff - ft. 7, if 



: j* p-^S 51 Sjj*il1 w**Jl L-JI ijj f t>j 



-345- 



_ 



( EjUU ^ti^i ^lyji ) ^bJi jo^i 



jj = Pica ^ 0.92 



IB 



P w i-w 



92% 



ii-^ J JW 1 -UJ ia*J i$y Lkii jjj &U 




lLjU^ 



[■I 




JiljJI uLnilj ^jjJUl 9-7 




: 8-19 Jtf 

5— (jhi jfcJM ^ji ^i^ i^jfl ^LU 






* IniPU bt$l\ 



will 



0.(1 tfl d^ 

km jjL-1 

0.51(1 (^Jjs^Jj)^ 

0.564 ^> ^ 

ODI m 

LW (^1 J-p^J^U 

200 lOfJjSAEcyjJI 

629 Urk 

urn" jjs£+ 



J-il Jiij— j_*j i Jj_*£Jlj *LLI Ui „ «Uj ^ L^w> jj* ijJi j^Lj v Uy jj 

gttjllj ) Jiljji ltj{% i^U- Jyuj , LL; Ljig v UiJ i 5^ cj-ji L^jJ 

u^uJl Lfj*i ^^ i^J ^£ ^ ^ >iJ ^j . i>j^ ( ^ 

U^ J_* UU ^IjL $pjj Jiiil iiA ^ dyi $**., 9-19 JiiJL «OyU 
>jw JjUj E»^Ih 0*>j^I Dh obill J yij^j i & Uji iiU, L^JUj A 
^Jil jJe F ^Ul SjJI jJi: UJ* , ( Lyl ^i;yi JyJi ) ,j^]L h»$ 

■ ^/LJ* yJJl jj l^ V ^ U#m iij^, jJJl lift J^ jw ^i 

JM—ll LiJS 3j*£ $j£* bjJI tin jjWl -jUI i jJ LpUi - tJ j]l ^ ^Jbj 

c*->*u l^aJl/i j*u»j ^jj^j Lu 4*jiIi y\>ji si* ot^ ,_l,i ^i i 0.,-j j^f 

; Lfw j^_jJI JiLJlj , 

jli-Jl JJ L*JL tfjUl rjW <*^ jU< 

»/I ojJ ^ Jjm v^ J>Wl j-jUI jit jjpl FM ^i jl^^i jii iSij 

■ JJUl^ 

: tHaill J^j j^UI jI^VJ ^ LuJJi l^L, rj Jul i^j)J J * 



jj = i± } p 



L^wJ< JjJUl 



(19-16) 



J 



x*u v ^ij ^ j^jj ^ jl^| jj ^ u^ ^| jjui flji j^ Lf, 



,>^J ^sJ 



* lmPlfl IfPFs-S" itP 



^U j— ^1 Jif*^ll ji J_p gi U^ 9-19 JiitL U^^il L^dl ii^j 

: JJ.UH i^jjl 
'I = — - ^rr (wS- 1 fii 

: (Pa . e) 'L^i , JL^LJf ^ l*^ SI cjI^I J J^cJl UjL- ^ ^ i ^ 
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( ijLkU ijiuliill yjIpJI ) ^IjJI Jdifl 



uuLUI jj_> il oljj-jJi ujj . (PI) Jjjl^l y flj^jJI ?j+J o?L» *-*l ills' jjj 
. (cP) jlj#iL-j v 1 P = 0.10 PI iij* t (P) j^l /ji o-jjUl ^Li) JU^H 

, 1 cP = 1 JtlPl : J>lj JjjIjj Ji JjLu" Ifj? SJjf-ij Ujiij ijiy Djj>1ll 3j>jJ1 J JA 

^ k>^ , V 9-19 JiiJ! l^ \Li jKl ijjjj A^jjIIJ jLy ^k Jjd) l^ 

ji^i uii*i d)j j* &$# . u^ latwiiii <#iw u**yi l^^ 11 J^^ 1 ^ 

-I* Lj_u JJi llULUI ii* jijjJ j jLJI TjDl dj*i Lrju^j . JiJJL (j#» y U^ 
sjjb .jJj t JjhS JjUJI i-^jJ ^L^ lij *-ty*j> ji-Si (J^lll i^y^j ■ iij**i 
. Ij^S J1UI ji >JI i ; ^*J ty^UI Jiill lj*S CjS ^ Wl 
4_>i*i jj-JJi jl ^j^Lj ji j-i v ^— ^■■■'J' JjI^i jj d ^ji *U' yl^*ii Jw 

l_uiU^I tia Ji* J yLuj^l LiiLlj . juu Lui sip iJjh j 'i*; < *-*l> >^ 
. 4jjU Ji ^i l^i J yUiil Q JiUll *,*> *Jh JL*o$\ Jja* J aI Jj* 
J&UU U#ltf Ljjiji ,jj L^jl> (Lli [m 50nn ;) DjJ lu ^LL Ltk }ii*i 

9-19 JLiJL o^jli L^'Vl j3> & JJUl iw^?,i P, jtf U| 



0.-28 




P ] >f,*i- J '^v^>-l 1 J,jj, 



ajJUL L,jji js_i JjJ Jj**^ J Lli v5^1 >- . iL_Jl Jilj JI iJl> ^i JUMI JjUJI aj u,^ t^iSl 

jojb iLjIjjj . I Lj_I^Ja jLij, It t-tyj^l jJd J-flJ jlj LJ5 wL>«!l) Jam jUjj 
-1799) J-it;'*; k£ jt— ■ t^iJjJ t))— %■ fllilj'l ujLjI^I JiAj jk J^lyJt OJ* lJj>j 

; 2.^1 If U j 1*1 1 ail Llii' ^^jj l L> Ijjj6 uLuJ^I 

(9-17) 



e= 



UrjLj 



(/"i Pi) 



, R* u uu*Uuj Q yl 1*>^ . Jjjl^ yjitii i^L; wk 4J j 1*1 1 aii J^j 



9-3 



j^^JJ 



Jijj 



, |^j_jIj-UI J ljjIjjJI iSljJ 4^ji ityjJ ijjJl^ ^1*1* yiLal IjiiS jjirtii i^/4 
! Ljjl'l JJ s^ JjJ ^ lil jl^S J .J I yl^-wi Jj*j JL JjLu l5 Lj 

: uS*U Iff!) si^ ■_' "'.' o^-ji Jj>Ij,'i v 1 -^ 1 
-84T- 







( BJLJJ LLjIiJM g^ljiJI ) ^U Jrftfcl 



<Jl> ^ Q = (constant)^ /2) 4 Lyj , JJi\ foto J Q fl s (constant) (ft ) 

JiLL LiJu IjU if ^k :iij iiLu Q $ dii* ,y pdljj , 1Q t^jb J^Imj JIj 

V- 

OIB eed Lijliij 2(1 urn LJ_jl L^ LjjJI i *L|i yL>*JI Jon* jjvjI : j^jw 
. O.tiOmPl .111 l*$ &l jjIp; , 4,0 x 10^ pa ^1 Jjt, Js J^lril WJI J5 iji 

. 3.1 obtt ; 5jL>VI 



J^jj HjU 9-8 



iM uySj 3j^ L»-jjUI oili (jlj , LiiAj L^jiJ JiL: J_iJ ^1 jj_^ L> t^tj 
illiM tffi bu^j . L^Sl j! s jr Ul J JJUl ^jJ j^ Jii Jju jjjj^Ji 
ii jj j| LLp J rf^j ^Lk 1 ' j^"J j*-*j tij— ' tjU-*i^ll 'l«l JjUJI cilxit ^ 
j_i.Ji j-« Ljl>jjJ jL ' t U)j JjIjaJI ,jjaj jUj , JjLJI i)j>-u ■ ';■■" ) J p" 4jj* 
pjj jjj (jU*jH\ oIjuJ Ji jI if i iLtp iii'iil^l uiUall jl<*i j^J '-';.•-; 
J| Ujj J^JjJ lUjUj j*-; djXij JjL .j iuuaJJ iaU U)U jIaj] jS^ AJUJI 

. 1738 j»U ^ b^ *1i jjjl J*ijj Jjiii 



ij-il J_j jji^li JLU ^jLj ( Pi^i 



r 



■i:l ► 



V2— ►i.^PM, 1 . -Jj^h 



ft: "ill 

I 



is.jVi Ij^Ql tM .9-21 J&JU i^JLS' ijj-^U ^i JiL ljI^I ^L> ^.jJ 

Jtjjj 1 ^"aiJI jl ^jAJJ . -Ji£'Sl>i H ^LS 0«J iiljLiu'iU Jj£ tJ JJLu LL] 

. p s LajljL uij_u {juJ\ Jl J jt 3jj 2 u-L*SJl ^ij u, Ujljb IlLS i£j«u jjjjJi Jl 
ki^ 0-^ ^ — ^JUJl PjAj Jj5JI m 1 o" 1 ^ 1 J* 3j5jll Fj JjUl ujjJ iJt>J! sit ^ 
^U£Jl jk jbjjjil jbjSJI JjIw J^l) ,\ ^L£JI o-Li A x ii> * JJLJI 
. ( OlJ 4*j— ij w jt pi fljl LL L^p'j j3i , ujjLJ <ub ijjjll eyjl iL> - ; ^- VL 
^ 1 ^lAJl L^j*i. ^Jtl 4 Lii o' ^>j . 2 ^L£Jl Jit F 2 =. PjAj jli Jllbj 
tiu^j . (tfjiXAj) 6j^t! o*ViJl 'J* Midi ii JJI JjUJI &j- j[i Ujf j / oji ^»j 
^. iL-Lj f^*J Lfei 2 ^L^l ~i J j_^ ^jj j LLLii^ JJi jj JJUI ii 



343- 



- 



TJj-lJ 



( SjUI) ^01^1 u^l^JI ) £-UII J*iJI 






^jL-lj j_»j t 1 ^liSJf il>-wl^ Jjjuil JiiU ^yi iJ*ri Ui Jy^ J'U Jj 

^i jij - P,A,iv 

J> ~W' W JJB* 1 y.Ufl1 ik-i^ ^Ji JjtyUll j&U ill Jj J! &U^ 

u^ '^ ( y u^>j m AiJiij ) jiui ii* v-^ JiJ **#j ■ V^ 1 W* 1 

LS1L c,LJ p s Uik> !Uj^ u^ 1 ^i J JLJI i' ^ < Wj . ^y aUs > 

^_v^ Ljl j* IMt J] uUJl t) iuv J^ii J^- «W^ - ^' jrf* 2 >-i>* ^* 

, ii^ ^£Ji tia j uijM Jf ^J » lP 1 -^ 1 ^Jj 1 ^ ^ tf ^ ^ 

: JAJ J>J ^j> U; l^ jjJI yijJ' ^Wl tySf <^ v/-^' 1 ^ 

JiiJi >j =- Jiill E > fGFE^^ + KE^j^l 

: 9-21 J&JI jjij flittJ* . J 

• jj j^ jjti£ll Juja: &*j , A,u,f iji* JiUi &* jiiil rt*II tt(S Itf Ju» 

.As JifTi'f Uj)i> uiJJ &jLtlj iijUl "JjLJI J JjUI 4li5 [y: ^jalJLj 

: <«3| <JjL*JI 



1 ,Ji 



l»,i. 



. JIM iy JUl ft&1 I j] Hi j*Wl 



h,-h, 



Lf JJUiwjjpJ' ijjiii 9-4 j>*i>jJ 



Jk 



y 



[ijj« Ij*jS li> JJUj J^All 1J-* . Jy^ U V* Imtu 9-22 JiJI JLi 

- l^ v L-ij jJi u^JI jlii JL^-ji i _j^ Ci^ JiUJ lJ^JI r^l 0^ !i ! 

. 5j*-Ul ^j {>> ^Uf 



: 9-23 J^ j^Sl JJI 1> J* jil HJmlJI jl* j«^ U§ jjW J)- J l^ J ' 1 '^ 1 



^^ ^ ^^ ^ m ^ <* j** i^\ & J ^ ■ »^i di) er ^ 2 MI J ^ 
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( 5JWI "ULuMl jeiyjl } ^Ul >iJ! 



t] J3UI -Lji u r jijL ^ l]iif H ^i n t & jsui V M ??j-» jIjL i$t 

: JbJLi J j^ ajU, ^a 

WJi jl^l ^ ,jJj * ^ ^ ^ ] tfj^i P 2 J ?j i* ^ C)i ^J 



iiki 



fl&ft, ■^p^+flfSj 



(9-20) 



!fcjL* iL^ ^* ^ jjU JJ^JI « r ji i*1| , i ^ jJ 3 i^ ^ iii 

^ JJUI ^L- jjL-* ^ii^ J^ ^LJLj . i jr Ql J,} ^ jj JiUI 
UU JUjUJ L^ jjjiiil jBLSII j^Ji m> Jywj { ^1 yiw jjfc|| 
^-J J^ tf^Jl % |j ^ui jj ;^qi jjj ^ ijjj | ^, jyjj y^ 

Lis ^ , J,jLJ| JJ Oilj_SJP ^J JSUI ^ y-ii jj jijUl jtgi jjjjjl 

. 'j^Jl jiifc i^Jl jt w jl <»j^I3l JjlJ, jjfy jjj; 



c UWl *jj ^ . ^-23 JiiJL o^lLS' j^^l & f & J yU< ill! o 1 i>jS 

jJaiJl J_Li 4^ jjtfl 5 iiOiJl ji* ill-ill Sj^Ul ^ till Ifjj jljL (joij $j Jj^ 



: 9-23 Jti ' fi ^ 2,00 m/s jjLjj i 0,200 m/H jjL-j C j A xn uiL-lll i£ r jlj^ 

. 4Uu]\ (it lit. 

jM j^Ji <i^ k-ji J ^*^j j^ ^^ j^LL : ^ JVj^I 

• jl ^ lL*» i^jji -iuuJi j^ liu IjIjL ^jL, 
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( uliif l&l^l ^*1j±J1 ) fili)! J*J> 



il i** yp = 1000 kg/rn^ , WjJ = 2,00 m/s t u A = 0.200 m/s ^ 
jMl Ua l> Jjl jUtfl J>IJ jiLJI &* oi* *J*j ■ h - P o ^ 1980 *> 
J A'J U &** I* fiB ^jj ■ <&k ^ ^^J 11 ^J^ 1 ^J^ 01 

jmi j^ j* . iwij ^u^ 4 ^ iu ftflj i ^' j-« »^| *4£ 
, v Uwrii « r ji 3jL>Ji v^ *>£ hj* ^ [ Jn a&> l}^* 1 ^^ 

0^ {j! 1*1 ijij I B JLA i* Utoil Jifi !*jf-3 ^Iw JiUl lf J^ p*» J* ^' 

^ »y)i ^ La ^ , joJi ji H*i *#* > # j*& ^ &, Jiui \» 

kiJi ii* ^ J ^ i>ii ^ ui ^; ^ jA^^^iUll Ji.ji 

,Jj 41S.U4II 6»j(St.C jle : i«H J etf) ^ J 

ijfl ^n jUij $if\ ^ yyi r^ 'l^ 1 ^ ^' <5 ifi * JI ^ ^ 
. yU, C U* J>> *M *L-il ^ J^i gJjQ . > fi ^ ««1 ^ 

m ami ^ rM jjiJi -ui jy Jjti **u ^ o' v* *'j*-" d *^j 

wUj JJ rf*H J^ J! " 5 ^> ¥ ^ **^^ "^ ^ f^ 44-3 * p * UI 

ii* , jM jL^j ^LJi c4>] ^ J^^i »y MO J! J^^j . "^^H 1 ^' 







,jUi jmi jji« ^i y^J 9 ~ 9 



-3S1- 






( IM kiyLiJl ^Ijill ) *J3« J*aiJI 



J^w 




JlUlu r ( 



i_L*iVjj 




( uijli jLo^i ) vLukjl 1 ! i j^j-i j I 




V^-il j^C fcl J!LJI ^ ij^Ul ^ju*. I^Jfji ^1 dl£i*^j jy JjUJ 

v LJy J^ iW o^j r JiLJI J»b UjjJJ! lijj JL J]j ji L^JL t JiUl 

Sh l_^^I JlUJl lij* ii^ ^ Jjl ljj_^ ^iji^JJ jj^Ul JiLJr 

Ji\ Jlj-li Ji; i^> , SjaUJI tjjt iy -25 J^jJI ^j^, . S jr L!l 

ilJLill ^J u 4*>il oi J*_*Hj ) i OjuSl ^J Ul&ll ^jl^ll ^J b^Jl 

. 4-^Uj i|_JL Uj_jL> *jT Jj_j I UjI JiUlj ( ^jity l^ljjjl ojjUl ylj 
J}lj_Jl Ljl^l ,> f uJI lid ^*_Ly t LjL-j^lJy^ *J iytiJI 5 JJ» J* jllyj 

( ¥ ) « tj_-Jl ^ ( \ I : S^ . ^ . ■ (* ^| 

OjtJu 4_jyU Ibjks- ?>«yw L^JL9 LupL fLla ujL-J^liiJai ^iSj ^| ^ ^jj^j 
jjj Lm jr^S'i ( 'ij?'Jl\ jl ) ^l£b-^l isLLJl Jly ^ KUJl )ii Jj . UjkiJl 

Ja— 111 jJLi L^'li^'jl LtjUIl 3JL3 uu_u IjjAj liij l ^JaJl ljL«0^I iJLs. 

j^ ^ ^j 1 ^ £jyQ ji fl«ll li« y SjLi^l ja>:j . wUil JSUi ^ i^iUli 

. Vj ,La1i V U^^|| 3JU j 



j^lliyUJl | M 



: 9-25 jii 
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( hUii iLiuiifll ^jH\ ) g-fcJl JrfiJI 



oljiLUl rk^i f***- *i/iyij ofjliJl >**■« JjW ijljt*1l Vto it*!/ 1 
jL&i ^ I^Jj i ^JjSi jl*II J! 4_3*ljLJiTfl o»j^l*!l J^ ^*>v oijLJij 
, UjJI L>U1 fr ^ fr j^ j^i ji* y!>^ ^ lj * 3<^ V' 
Sy ji iLili ijJUi v^Uu! k (jut p^JI J>> JiUi y L-^ c>& W# 

i iu*J . U-ll J>JU wU ^UJ 4-ij* iUJIj t Llj*t Ijw »4** l^u 1# 
-kJ jJp *l_^JI i/U-^l JLi* Uolifl ^J^' JJ-* D" 1 ^ ^W J^ 1 f" 1 *^ 

4^)1 *SU j* ij#u> b>4 d/3 r l*>3 J* 5j5 iJl* ./ o jft 6a <&* 

F - H™ ( 9_2l > 

iy $ u>ill yU*#l ijJjJ wis M-ji yUJl oLi^Jl Ul» ^ lit 

F fi -|pC^ ! (9-22) 

, f L^I y^ «l^fJi ^j^ J,Lu ^i j«i 9-5 J ;i *J( JVj . *lj*Jl **jtti 
'J L^iii ±J i^l 6' -ilJi ■ »^ Wj^ ^1 L^ 11*^ li^ .i^ 

, , ... ^^ ^ ^l; i*# j^i Uj^ v >j« -M J! J>^ j^i yWii 



, 3LSJ . 3j> ^ 4JU Ji'^3 Juti JtfUi > Jidiyj ytf^ll r ^ > 



-m- 






( mUJ i^li^ll ^|jjj| ) ^i3J| jjft 



: 9-5 Jjj> 

jlijjl jii f liiLjb Liili il^Ji i#jU* J*Ul ijiuyJl jjUI 



f IjtfJI SrfjW J»lw 


^oJ| 


L2 


rB"'J rJ 


1.0 


( t^il iiM ) ii^j ^ ,jji 


0.9 


LfftfjJ kfi hb* 


0.5 


( jl±H ) SjU 


Di25 


( ImLulJI ijjki i^ilj ) UjLj SjL> 


0.2S 


<j/Luul if Jl> ij Lkj 










JV„ 



Jllirfl ija^ 



10 

1000-1200 
2000-3000 

20,000 - -10,000 
3x 10 5 






■ *>^ ^ ALU ^ Uu>i aUto M $S BJ i %* ■ j^JI j«P o^y ^ U 
JV ff Lf i«j c*;i_^ iji i^\hh yi;^ l^jLji ^k; $ &* ^ ^Uiu ^5u 

uj-ul J^jL* JjLj jdc ^jLii) ylj^c'jl LLuj jjij . iljJLUd Lj1,L_iiJ 

jifS p** Jj> £\1 ( sj,*- ij ) ^i v U^i jii *JUj . (Nxp -j*)) vd 

, jjj^ j»*i *^> Jj> u^vJI ijfcij will lJ jiJ uL_ul j>ll"--' ( 5 ojS' rf j 



U}J^> fl^JI ^-jLj—JI ^j J Jji 3,0 mm Ujjsi _Jw t^ii IsU ji ^ ^j^ ^L 

I u ih rfcii 1 1 i- .j i ' 
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( iM 4&jI1j1I utfljiJI ) g&\ >*« 



¥ yjui jkil SjU JiJ IJL : Jlju- 

- <£jJI (jJu; Ujb 'Ij+Jl v^S! ^J" 1 B U^-lli **j-w 

; *i)l*fcJI i> *f#J «U5j ^jjJ jWj! ^ : Ll>V1 
p*lMl&i# j fl- 0.019 xXQ^P! 

. 3.0 mm tfl . 5,511 >J j- itiL, 5/ <JU ^ d J*LJ! 6 li Jii' 

: u J[ v^L; {^ 24) UjUIi J~ 

: jl jl* iVjt = 10 
(10X1.9x10-* H) 

[J ™ , ~ aang/m^tf.Gxio- 3 m) 

= 4.9xlD Ji m/B = 4ficm/a 

jJsJ u LjJjJs ■J-Jji ii^-JL jlJJ* ^ "4 1 ^** ■ ^j-* r l sift j*J jit Jij.'J 



IajU Igjif Jl> 4*1381 ^ vLi ji c£« tf&ll tlii p**J <#o^ ^ tf* L* 

f vj^ 1 yl±-^ ^J-** Jf* 2.0 cm 



. Jlill li* jj N K ~ 20(10 jLl>l LU^j , 9-e Jjj*JL ^ j» LS 3000 j 2000 
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( wUJ Lijiiijii ^ipji ) ^ui j^iji 



U^mk j'oJJ ir iJI LuiJl UU JV„ j J^j j±jj UjjJi cwili ; L^« 
SU«li Oil l*jj! JU^lj f9-23) iJjWi jj W„ = 200O J *^ liiiwij >Ji 

(20DOKO.tiDixlO' a PIJ 
*<«« = TT ,,,, \ n \' . , w» 5 — = 0.0801 m/5 =8.01 cm/8 

< fli] i A = nftfy = 8.14 x ltr 1 m? = 314 cm^ y *^fl *LL i*U £$■ 
^7 = (6.01 cm/sXS. 14 cm l ) = 25.2 em ! /b 

i 10 cm UjJaj dj^L ^i *LU (J xJ=JI v L>^i UL> 
, AV/Ai - 126 mVs t p = 1,60 cm/a : 4j4* ¥! 



910J1^ 



2.30 m* 0jL>J A L^l i*Ui ji jiyil f jju-j jijL ji 60.0 mi/h U ; L& &G 
V tij ** »jM >MA) ** d W i**>*l ■ 1258 kg 3jL>JI lbs fifj 

$ JUII li* JI »jj|!l Lj4 kj^i IjUj ; J!^ 
3-i> fr* ijW »ji ^>-fcJl J^ $j w^ 4^1j u.j*i 5ji*J[ %>J ; <jL>VI 
y^ *^HJ *jW j^ »j3ji' dj^-fl i-j-liL. SjJ jjUi *jjJI ^X& oijLbj 

. jyjt tia tJi jSj| ,jjji pajpJl i5^> J^ ^ 

9-fi JjijjJl ^ ikj jl Lu&ji . (9-22) <JjU1U i!4* tlj^Jl li^Lt tJ Jwi 

i 1 0.50 ^ C, } tl^+JI m^ JjLu vjS ji 
f iibJl ji* jS ijjiU ijfjUl ^j'aII ^ U ; Jlj-s 

: rt ■ f a,p " F fl 4 pAC ^ 2 ^ ^^ C9_22) iiJLJ, ** : W 



*>* v(i^/)4 M ^ 



■356- 



{ IJUU ^tijll ^rljjj! ) mISH >Jl 



^j ^ ^LUi Jjii-Lj . 26.8 m/s J| 60 mi/h Jj*j lljl 1 3ut3UjtlljtH4 



f 
ijjill - i (1 .29 ky/mi)(2 30 mi)(0.S0X26,S rn/a)' = 1.4 x 10* W 

(1.4 x 104 W)( I hp/74fi W3 19 fag jjU Ijjffl sia jjl t 1 hp = 746 W jl du>j 
cjtjLi G|j (P « y s .) ijl^Ji <pj-* jlj*» jJ* Ij^oi Ijliifl jmwjw BjJjUI jl k*1 
L*jli+ 5ti LIjUI fljjJiJt aii l/fi j^j IfijL ;4i 30 mi/li UjIjL <U^ Djl^Jl 



•L-ytL Sj_i L-t^t j iU*ii ^ ^i#J 




itj-jjl . M-*, ,1 yA Ji. iJl'ySl JJA\ 



Ul«jJH*jJI9-10 




, tljfli Ujli* ^ j 



^j . g lit? U** bjLxi l*U*l IajLl^U ikiUl pL^i ju $1 ^ iiULJ 
J)li fc$ 5^*, ^Jj &ii Vj* tf^U 4i**Ul ^U^l L#J ojfi Jjaii' lii JJUjs 
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( 5jUU i4#\&l\ yflljiJl ) gdtfl j^i 



LjL^ d^Ji ^J o^J i^i jki j; ^i jj, i^i tPj< j| ^ ^. yuJ | 
Uii v-llQ ^ *I^JI kjl*. 5^j J i>^f . fcjj J^ i^| j^ jji £_26 

<jU^UJI l3Uj ( fcLJI ^JJI ji Lyij US a'SlbJl yi*f ^ <?* ' « jl V M 

■ ^ *-** 1 ' i> ^-u" Jp -/& p^Jl **_>* JjL^j . ^ii! .ki iij* ^ JiiJI 
. F D - ntf j^y SjJil SU ^ V jWj ».,. jj ^1 b^ >j- Ujj*j 

^J 9-27 J&JU ^ w \J &.3J1 J;& CjJI rJf Jiljil ii* Ji J£j ^ 
JUII Jin ^ jji ji o^ ti" . ojj^lj *fc*j*llj Sy-JI ^UJI LijLjJi iJU 

JJ lj-» . J? U^jJI ,^_iL iyUl ijJJ dw^l ^1 5Jb JS i Ja^^j , ^j^ j[ 

. LfLL v L^'i ^ (^ frlj^Ji J i^hfi* $\ ^ . Jl 



:!MIJLU 



^ 



J±*i a_j.jI . u^l Jiuj j^ 4j5Lp hj^ ^Ll» JjL ^i i^Ws jiUsjJi iu^j 

^U ^ ^^_, *±£ r , a,00 x 10" :! cm bjLi JLw Jilf I ty£ jllSJ ■_., ■ ^n 

. t.OOmPl Oil t^j^j 1050 k^mJ j^'iJi J fJ L ^Ll^ , 20^C o^ ^ 

f ^ Ijlll ^iU jjSJ L*jOf L^I* J.a*J ^Sl LjUil ^ U : Jijw 



m =p,(!h J 



"i* s 
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( wUU U*M$ ^lyJl ) mUI >A(l 



JJ »ji r l iLu ; _tx lijLti Jpu jjj>JI i-ty/i oUyydl 4^>L; -^ •-.'ai'.-iijj-wii 

: JU J^>j Vf J] L_lJL L'jLJI dIa _^vi 



2r' J 



I 



h, = — Mo - P, ) = 136 x W an/s 

i JiLJli jJLiJI jjiUtf ^j jjill ^Js j-*l*j ujj-mjII Jjm $1 tjjS J Lul^j 

: ^ IjjlS ty& jl v 1 *^ l^ 1 ljJ ■^f' 1 *) ii$ 
. Ll***!I U5JI J^Ll, ( i> ) t ( i^OJi Ujjll ) L>xJi;i J^Lj* ( _ ) l ^y, J*U* t j ) i fcj^l J*l« ( ; ) 
jJ^j jj* ( j ) 1 <*jqUI ( yff ) t iJjL^I iCjiJ) ( J } ■ ~**)^ fy? ( £ } * jy> &**• ( ^ ) 

. IL-Ji Jiitii J iiliili J^y." Ji.vi.-i . j 
^^>J| MUw^j g^Jlj jjJi iJU ji iJ j hi* ^ v 1 -^ Jl**^> J W' ^ ^5* 0j$ 'j** f 1 ^ 1 - 3 

. »)jU! Sjjjl^ ^i" ^/^ 
. jujLAJfj JuLsJ-l 4**^*^ SjJll jL*J - ^ 
. 4j_ibll oLii«H *liii*Lj JJL J (jiM J*P jJjs ij-LjIII b*& JjJjjj jlkll JaiAJl yLfc-fi 

. jUlj j^lU^Jlj^lj Jli-pLJLLusJl^jirtlJI.T 

. ^J^,j^J I j^* ^ ^i - $ 

. ( fN»Ji j! ) Ol&Jlj iiiSJl ^ (m-j* ,j£ IJffi jiUI ay J^ ^Jt^j! ^ ^i*^ 1 - 9 

. {fa l j^l <*yji ujSIj ujtf oS*i i* J*' u^ ^ J( J *Vfe Jk^jr k$ $^ Jyn ^ r ljA,ljL H 

^jLaIi v L-i^| i,|jj jjV i^Jl Uj-I) *j^l <*^l ^>J ^>^l v^ ( ot*^ilj jjJ^j w* f lii<i-l - 13 
jjJujJ jjj iujLi^ «Ii>* (SjI^ di\> jJj iiSi*j vW^ 1 0^ Ju* t}U* v^^ ^^ ^J^ 1 ^ v^ " ^ 

, tl^fJI iijiA* J*i**j M*" iWj 
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(iM^lyi^ij^ij^ 









ujaL 



:^^'^l41UtollaU*Ji 



i $y = i Pa 

I atm = J, 01^5x10 Pa 

ltorr.i mm H^imP a = tl/7fin) a tm 
lbar = 10 r 'P a 

1 Pa s = 1 poiseuillti (PI) 
lpmse (F) - 0,1 PI 

lcKntiptiae(tP) = 10~ a Pl=lmPI 



JjtJl JUU^I -. & 



flwJ! ob>a 



: ^jjUl cjIj^j 



jjwLiiJjUjjOlijyO- 



to)[ 


: ^f ul&i 


p ~ 'ZJ ~ m/K(k ^ a * 


( 9-l j 




:<sqr^ji!^i 


pH 3 9 


(S-2) 




: J^l 


j^i^i-l 






, A lSjIj* ^ <jJ^*i F ■*■■■>■ 


j***!! jL^I s -AP 






:JU)Vl 



V 






-3BQ- 



i tl Js ^j^ ii 



- s - n -- 



: OJLi 



{ ijLU «j£pt£*ll ^IjiJi ) £>U\ j-sifl 



'W 1 

lit.il i Liu = 

V ^ jUtffl 



(Pa jl N/m 1 ) ^jjll J*U* 



^i 






AL/L 



¥^^=i^ 



:Uli 



P = ^ (N/mi = Pa) (9-10) 

A 



jwU )> J^J i**w jjLill W jyjn 



i*c s P^ 



: oH> 
F„ = p,Tg : £\li J ^ ^ V u~ ^ jj V-% 1 

w 

uA = const. ( JiUI Lii p** ji ) (9-18) 

, v l^J^I *1&* JUL-* j4 j —iL^'l ifij* v du* 

; ( n ) WjjSi 

^^ (Pas=P1) „. Ul 

. L Ujjj iiu Lh Uij «Ui i< jji^k) ^^ l ^j^ 1 e d 
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( uUU U#\SJ\ ^pJl ) ^hi\ >ill 



<> -&- p ' ) (m%) 



: JO 1 * t&M 

(fl-17) 

'■ Jyji !■*#< 

: 4JBSI ojU JSU -jIH jj£ yi^JVl <JL> ji 

p * ^ P v2 + «* = constant (Mi) 

: LjM± 
, ^ L j$ v l^| ay 0j £ Lj^ & L jU ^ Llii L^i J jiUI Lu e l jy^ ijj, ^UJ ^ . 1 

., put/ 

jj Jlfctfl tfu^g . 2000 JJj*, iV K ^ ^ U* Cjk* ^ ; J>rf L J ^L V L^| i ^ Udl S^UTL 1 

■ ^ 10 0* N fi ^ ^ gfl* j? ^>>^ >/ *Jl* j* v>*l ; s4«fll 

: UM, u 1*jj5 ^ ^L ^ J^ r l*>s j* 5/ ^ g£|| LjtUi ^ 1^ ^Vi 6 _£ U* 

Jp =6m|/'if ^9—21) 

; u 2 p v^-to tijfiil »ji gii l^kfe ^L^ 1 | & K iSjj . ^^ <0 ^ i^ 

, tfpjl hjlia ^C D , ^ i^fo 4>UI A . JiUl «U£ p i^> 



LS^I J^U (_>) ? $£1*11 ^ J,U (y) 1 «tli 6*M ^ UUl *i ^U* ( .1 > ^ M4t Jg. 2 

j^jll j_s 2.0 cm jii ^k Jm^JI <^j U . L^Lui JjuL ^ o^^j ^ otI#f ^ ^ijji, l^ i^G o^b. 4 

V 
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( sjUU iA^I jflljiJI ) pW >iJI 



? »ui ^ *ik (o) i *w ^ ^ ( i ) ^i lift $tf i; l J^i ^ > r^ ** ^ ^ ^" R 

jLtfVl J| 5-^1 JJE5 J-i v eUl ^J lib uJJl ^ Hi * »UI ^ J^ 1 1> «^ t ^ J! y^ U^ - 7 



J>il ^Ijs CjLi . L^-aL* ji i^JL, ^lili <-J£ L,l*Jl ^Jj ^L*Jl £*. «^ J#j ^1 g> fai «*•< 

Aii ij\ 1 1 J, JjjIjjJ Jfl 

. ^ ^i ^,^1 ^ m &a~ &* Jui" pii . ■* r i ^^ ^ **& <? Wl aiA ^ l31 ' J 

v Ajjii yu. i*^ ml j&ji J * *jiu> ^'jiijjUi ^ui .a*^ ^ iju. n 

JLI, jjLfc i^j &£•< Jlltfj i »j*5-* tf>> *JL* ^ &*■> *lj£ J-* JLil* jUil oUy* 61 J^ u 1 J^ 1 >- 1£ 
M, ^i . JL1H jUUl iljU JJ *i LjUl aljfllj *±*^j" °^' 6^j ■ ^ir r* ^ lj iU *^ ^ tf* 

l^i ^i ^Jij ^*jj^-J< oU^*J Ljiii ipiu *4 ^1 ^) u^ ■ jtej* C Bl ^ 1 — ; J** - 13 



B-2 } ft-1 jU-tfJI 

* i iil bjL iuilS j* L. 98.0 ^ L+Mj .10 tm UjlaS J«ai *«» ul- 6* «j*^ ***« »/- ] 

V ^jiill *i££ Ji U , 24 g 4^j 2.0 cm uLi J*t ^-a- ^j^* - 2 

f 2(f C jit 6.0 x 5.0 x 2,5 m 3 ^o- jjJ^ ^* > *i^ ^ j^jll V "^ ^-^ l ^' J* L ■ 3 

^ U . 344 S f Jl Lj% i-jk. yj LjitSj ■ 340 g ^iL> iijl« ^ 5 U^£j * ^0 g j_,L^ Uji L^ -* JJL ,li - 4 

( UjMJi WW 
? 4 r cm liLi JjJ^ ^1 > v*^ 5J3S __L» — f5 
o, r> ^LL jiLi 0^ y Jill ^ gllll >j Uji*j t 2.00kj;^ ^JliJl ^*iH ^ *) £ l! i* 1 ^ Jii*jJ-8 

! ^LvJi v*jJi 6* ^r* e^ J* ■ 1&0 emS ^ ^ 
V r tJi^ ^UJI yfci Ljiil v-ai ^ Ui < ^%^l y-Utf ,>* 6* ^ 6 aU ^Hl ^1S ij| - 7 - 

? J^l ^Jl UU5^jU t^^lS IJJ ^l>*J^Wi.. l^lO^kgAnV^H 1 Um ' 8 ' 

, M* - 5,98 x 10« ky jijlJl *13S 

UsS c^U bLi . JiUL cy^J pJ jiU! 1i^ 156,5 g W^j 100 im^ U^> 5 ;Jj S ^J J yt ^ J5L iiCS o^ - 9 
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{ SjUJJ l&Gjil ^\yj\ J jjjjl j^ 



. 52,2 g «tf ^ ift] ^| i^,| M 36i7 g ifltfj 50,o cm* ^ ^ |^ ^y, ^^ L 10 ( 

iHfll ^L* ULJ . 50,0 atf ^ Jj ,ui ^ ^ ^ tm y^^^i^, y M ^ 

f j**Jl if& ^ L3 t 1^.0 f tM ^Ii!| 

t ( io.fi * up kg^ un «a$ j fo ^i^xm^^l^^i, mm* m ^ # w- n 

J-^l J _ ^0=JI _P^l^ ,UI ^j .^^E . S.O m >c l.S t^x SO cm U.jU^T JJ-^— Oj^— i^** ^^ ^iU 5,^^^^^ ^d, _ 12 

^ J.U. ^ V 1.58 mm jbL, d-IIJtoJi 03mm ^U^S.2m 4> JL ^i 7.2 kg ^J^ jk_ 13 

? iLJI SjU 
dJI U^i yii, L . &£6 mm ^ J^ 180 cm *)> ^l * JL iHLU 24 kg ,ji j*> ^ . 14 

V Ja*!l lid jjjfo Ci*3 

i d^ ^! ^ ^ , fjtffr^ j^ ^ y.Ocm 4j U J^j 6,0m ^ ^Ui ^ ^ AriJ _ 16 

v ^1 otoji ^ tfj, ^i £)&.* jl 3.0 m o^ 0> >ili ^ji i, ^ iij ^1 ijai jbL U % 17 

, ( ki a>Ij sUji ji*u^ *_i*^> J u-j^l } 
! LfJS fttSII ^H\ J m\ J 99S ji 17 bUl J ^ fly y£l LLJ Sgxjl 5^1 jiA L . 18 
IU ^li j^JJi gj^ ^ o.50 H L*jJ 1^(3 iji ^b c^ 4.0 cm *U J> &W & ^ ^. 19 

V i^%4l ^1 J^U* yL,^ mm JSL> *LJf 
? SUI j 2 jIjL, »Ul j> i^» ^» t^Lu^ fcpUi lujjl ^i ijy 1 ^ [, _ 20 

?LM ^1 iijjli ^ r u . 1000 kP. ^J^^u* &LI ^ 12 jbi-^jJiiUJi ^ Jli^i.21 
v^ r> ^J ^j^JI ^1 "^ jjiJl ^i ^ , 4,0 x WkPa ji^ ^ ^1 ^y, j : B j ^ji ^_ 22 - 

, 1.0 cm t&M, *jLJI ^ r J ji l em nJaS 



9-5 j 9-4 iUJUl 

l<Ji> cm .1^1 ^ ^ ~<#teji£p*J^\jtf\ 14 L . ^ 100 kPatfjL* j^iWJI.23 

'. ; A^iJ "^ji Jiij 

♦ aUI ^ Q.ljbiij ^ ^ J^ ^ rf^JliWJI^iujJj fc,lo u^jl* d L_24 
' 8 '° Cm 6 >*J ■■ ^' '^ > S/jil "^1 ji^ I* ■ f li*L 4iLu 3^5 lib Jilj guu Uljj JU* ji ^>J . 25 

. P„ - 100 kPa Ji jil * j^U iuUl yij.; ji« 

i*-- "J uu. aaocmi J!r>jJij#ts*L.oijP 1 =iookR 10 i u i J iiir ^^^^^5^^.26 

, iLjli 100 kPn tjjj ^| i^L i^il jj* yi f 12 m »^L* Sja; f. Ls ^ .111 Lij U U^ 27 
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( ijUU 4£d&ll j^l^iJl ) £-IjJI J-aiJ! 



j 27 yUl ^ Sj/jJI Sjj^JI rf i^ jlUl U^JI i+J L. _ 26 
100 kPa sjjj. j^Jj iiijJb JwwJI 13* jjts . 7G5 mm *uLa>l JjfyJl & Jjh** toti ji* JfjjJI W j'ja* U - ^ 

■ b. &Jfft yL5 Ijjj ,2.8 X 10» Pa jljLf (iy>JI LLsJI ^ JU ^U ^Sl ^ikJL >\? ig^U j31"-Jl i^-SOl 

V jijjl *bSj| U k iii L2 x 1Q 6 Pa ^U» lijWl &LLJL SjjJII ^ 
J,**, ^15 IjI (v) ■ '025 kg/mS ^Jl *L Ul£ jl _^l ? JumII r^ ^J 160(1 m ^ ^k fill iaLS L < i )-31 1 

^yj X. i*L^ U , 180 kPa L^ljLLl J ^L^ll kU, J^ o^ gji L^Uj 1250 kg L^ SjU- . 32 i 
L i 8S0 kg/m* o^jjl *ittS oJtf 1 3] . .til ^ 25 cm J* ^ 12 cm ^ ,iyjJl ^ u^fe ^ ^^ <U; - 34 . 

? »l*jj| f U ii* ^LU LwD ^1 Lull ji 

12 cm 5jJ J jlfijl jj >j ^ Sfj^l J *Ut *- , 9-1G Ji^Lf fc*il£ U JyJI J& > ^Uj LJ. 35 

jift ^.jJJI ^ 'III f^ji ji JJ j^^ 1 *>' j* l^W ^ = 870 k ^ ma) ^J^ 1 <-■**' ^ ■ ^' Lf 5 

* &-j*£Jl Jj*f Jjt Li . 5 cm jIjjuj 

f till jpt. *£# Jj- jJi ijlj . a-sjiJi J*' j* &C9H iS* 3i0 cm 'jJ* X^ ^ ^ ^ Ul ^-»1> J ^J 3 * 1 • 3e 

? jjjijl JauhdJi LJ *j i 74.6 cm >jj^ ^ j^jJ< j>*s J^b jl^ 131.-33 

^ ^jij . ^pyi 3j^jf ^ ij.ijS.ij] i^^ji ^iySi ^ uu jjL i^Jjjj^Ji ^i^ Ji^Ji *f /p-38 

jjiJl ;jL L , 36 cm o>3 ^Iji' jJ* jSji 3yJl ^> plj t 900 N ^jU 1-80 cm j>3 ^jS Js. jfjll iytl >j 

f 4^93 lSjLjJI ,jDI jk j*'jSJI ^ /j; jUl 
IjI ^LSII jb I^Lj v^j t^ 1 J^' jtJ** Li s 0.76 an 2 A*M eat jL»JJ Ij^j ^ ^ UU cJl5 lij - 39 i 

, 16,6 kPa jlji- ^1 i*^l 6^ <£ hui\ i& j^j ^ JJL. $> ±j 
J* L+IsjsLw M^Lil »jjl jliJU L* , 0.60 em$ *>JaL i>Ui ^ ^l^i^uL ^ (U[ JiU '111 in lui' o*^> . 40 

t UUI y 0.01 jlji« fill Ultf iy siij^ ^l^ 1 
? 76 em ^3 ^L J l^ .^ ^ riil j>* J> L, . j^Ji Jm-JJI ^^ p^*^l j3 lyl« IjJ*j^ 6' yAjlil - 4I 

r 

cjjjJi jjjj: J^i L. . Lti 60 cmHg ^jLj ( ^1 *k« ^ %, ^aji '^^ ^ i ^j y l?^ 1 J^ ( - 42 ■ 

? 4l**a 0' iijll I J* w^ lS3JI ( ST9 kg/m J 0^j ) 
^1 kiiJl a^ L ii* Si-^- jis Pjrfj* 20 cm x 28 cm sjU V^ Jt ^ J! j^ 1 -^ M ^ . 4a 

J yltfll 03j JI tjSJi 4 ^ *^ L. ( 2.1 kg v 1 ^ 1 ^ ^^ IJ-lj ? 10 ° ^ 
. 98 kPa jj*JI JmJJI gi ^1 ? 24 cm U>i iji j4w jk j*JI ^ By A - 44 ■ 

ttiUS c*jj ^ ^ 'j>*^ OpJ L,^* 41c SjJjll jtUl 5jJ j1j*_* L4 , 2.0 cm 4*Li J> i^ll (> ^ - 45 

T 861 kgfat* 
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{ SjLfct) AjSiiliill ^jjJi ) jJw j^i 



^ H 1 ^ U ( ' > ■ m ±MJ& 1^4. 0^ U^ 1,62 | LyWl altfj I 2.40 £ dtf ^. 4 fi 

LillS' cJLi lij ^1 iilff j^I . *tf\ J & (i^ u£ Ua^ 5,39 g L^ltll dtf, . 6.24 e ^ ^ . 47 

, 6.4 g/cjn 3 ^*jl 

-^ i,j*Ui)l UjiJI *& ijjj . tfl ^ |fc l^ 0J 5, U^ 2.241 e 3^lkli <tfSj t 4.323g Otf ^.48 

ijU Jb>Jl &* ok^ ^ik^Ji t L m 3 , 920 kg/itf OJU5 Ju .L ^ Lj^i jl^jl ^. 52 

* JJ-M J^JI ^ All jJl- ^ ^ ^1 ^J[ ^ I, , |^a 1.03 x 103 k|j/m3 
. t ai^3 r O C mo>^u,^^^ c ^ J ^ Ji ^^^^ 6m , 4m4liU ^ j _ |5 3 i 

f BjUl ^ L, 
Uk; iLII jJw jy 64kg Cbff ikijja^ J ^ | 810 kgiW L^ltf j 5jU ^ JW ^ >J ^ L_54 . 

* ^JliJl ^ J*JI [j* JL Uji* 1^ J 
i^ittS ■ yiklf ^ UJ o^_» IJli , 22 g ii : j! Ty jjj ^ ^ t QL £> ^ ^ ^ U^ - 55 . 

? C,y I Ijfe liLJ , ^kil ^ .m Jte Lilt a,l an* L^^j 905 kg/m H 
3800 fcgfas L^ii5 yd ^ UJ c*U U|» . 22 v ^ (J j£ ^ j, ,UL £> (J ^ J* ^ L^ _ 56 - 
M^ QffiL IjU . ^ttfl ^ y^ ji iyj iUI ^ Cu, 3 J>4 i* iJLi uix^ jjj k> j.liii.L 2,4 cma Lh^o-j 

^v ^S r^l u-* LJri ^ 240 cm3 t^j G00 kg/m^ aiiLiS" tfjjyi d^y I ^ ^H jjj jljj . 07 . 

t U^ 1 ji ^^ fjWl ^^1 4*U *bS U , till ^ ji£JL ^Jffll 
*J\j jii Lki 2.4 fl^i ^ ^^i ^ ^ iijj , U>Iju S^i -u ( 6 x 103 kg / m;i oiLif ) ^l ^ s ^. G8 1 



9-7 

*W U>3 J^ ^L^j olj, ^ l^Jjt J^Uj UJ 4^ l^i ^ JiL v L^i Jj« ^ j,^ ^1 . 59 

, jjiJj V OjwTfl ^ ^ LLiJI jji ^ ^^1 f oljj 
^ j^ jl ^ ^ ijl, . ^1 JLMi dJ3 U>*j ^uVl J^klJ HE L«JjL ji* c^" ^ ^| *l^-l - 60 

SaJl iJLi 111 , Q.084 :m' J ^L^ ^ UUj 0,24 mm ^li-IJI U^ 3,6 cm ^ jjj. ^ ^ ij . ai ■ 

S 30T ^ J^l Jn» .[JI v ^| Jj*, ^» I* , 6.4 K y^fll Jp ijJUl 
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( wUJJ UUiboll ^l^pJJ ) pM Jrtll 






t^J 5 tH$ j^ Jsiijl iy j^'j ■ fAH Jill 0.3 mm ^Ui UjJjj J^j 4.0 cm L«JjL a_J .^*i-0 . 62 
ji*, L* ( I ) : 10 mmHg ^jJI j_,jj ^J ^jjl Jaij jlS !j|j . ^jJI ^j jji 1 m jIm* f jJI Lvyi 
LLU yyll Jjju tf£ lij » j^j ji ^jjl ,> l liter 6**J .pill $»jjl L ( V ) * l/i\ J^u .Ji yl^jl 

1.40 x 10* P* JjU Liyij i lOSmmHtf Jl^> .il kLi L^, 125/85 mmllg i>>l*i^l I 



■!>! >J kLa - 63 1 



. i/ Wanil = 4 mPl fjfcU S yj| $* f J jii J^ Jja* ^ . ;k-j*li L^i 



(iy = 0,40 mPl) 0.04 mm l^i«_ ojjll &i iLk U^,j ji^ - J ^k Ji^ 3.0 cm 4*Li JjL JiiJl ,^ ^ . 64 

* 0.3 m/a l*jljii ts^ pUi J* wJliJl jJJ 4*jyJl Syjl ^ L 
Lj-d »LI ^jL-iL LiJie 100 m J_£J 60 kPa jj j Jjuuu 20*C ik Llii g^U J kill LjLj j^Ll,- 65 

* »jj*»UI jii iJdj jli L . 3.0 litar/min 



1>L* owtf lit (v) < S-^-^J- 11 lj* »W a»jj« kj* s$ ( ' ) * Vyr** 1 *J^ (> 10 m * UJjl Jt & &|j»JI J 

* 1 min ^ Lfli &£il tUl ^*i ^ Li t 0.08 cm 2 oiJi 
4.2 ra/s ttt^ ^Li* L^ 2.fl m/nLiJl ^i j^ *U| ^ oj^j s j^ljJI i> jLi, r LL Jilj iUl V U,_ 67 
j_l* 84 kPa ijlAi, oLi ! Jl UUJl *JsUl 4^ IwJjI jtii» L ( I ) . 4.0 m JiL, J } H\ ^ jjj^j j^ii iJai; ^ 

. 4iikil Ly^Jl ^j L^^* ^^l ii* J ^jSK ( ; 62 kFa ^ILJi 






, ^60 m/s ^pjl ^LJI jji* osj- ^" U^ 300 tWe ^UL*Jl o*j .1^1 w^ ^ i^v SjiLL r L> 



fifi 



V jj-UjvILt iLJlj (jjJLJi ^psLJl /wy iiJLuJl L ii ii U 
t gtefcjl ^k &j5jll ijSJi jiLs i^ L. ; 20 m Ji jjU 63 ^Lll ^ Ji^J] 1*U ^^ iji _ 69 
^s ( i ) . 7.2 kPa uAujjSt ^ Uall ^ jLSj 4 3.0 cm U jt kS ,^i L^L J-w 4.0 cm U_^ l^\ «^}1 « 70 

! ujill j3 ^Lill Ll^ jy^ L» , 5 m iji ^1 JI J^j ^iei JI ^!j ^i>JI ^Lij uj9 > till ^ . 71 
jyi^il *Jak i»l— ^ ^L5 IJLJ . (^jj^ 1 jji 30 cm/s IajIjL bj_u ( 10f50 k^/m 3 <£il&j ) J 1 ,31^ . 72 ■ 
t>-4 j±j$ jjp JI J^j Oli j!»jjjH pjii il .iajj ? iiilUI ji liUl^y^L 443 »jjl jjjj Ji« Li 1 1.6 cm^ 
? oIjjaIJI aii ^ ijJl ^jj k^j Lt , 2,0x 10 3 cm 2 LJU»^I L^kl. b-U* ^jJI olj,yuJJI 
jlJ , Ajji jj; jj ^j^Ji ij* j$>.\ ijj . 18.0 cm y*ll I^-Jj*j *l&jlj 1.8 m L^Urji sjLh _ 73 ■ 
? 80 km/li IajIjL bj-tj LUill 5jL_Jt ^ i'ibJ -j^iJl J* * I^Jl J^*i 
lu[J^i j jr L. ^ JiL ^L^l *J»* JN K = 2Qplnrjr tj-Jl ^k -a>U5 0^ jjJ^j jj* ^i c^Jj . 74 ■ 
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( SjUJJ 4&ftjll ^IpJI ) ptiA j^iJl 



, N R - 10 &f jjd ? VJ WI y L^H i^ ^ j^ t UjJI j 3.6 mm U>j *Ui & ij=i i^J J ^ i* r ^L . 75 
, AT K = 30UU J >fl , Cj^lom LAfiJH *«u UjI: 1.0 cm UjJaJ ^1 ibli. 41s jjus ie— $£, 76 

9-10 ^JUI 
V ilUJI ei* J* jAi, ^£^ $0 J j,^ j^i jj j^ 4.0 mm La^LS Oil $, SjfcaJ luLuJ! b^JI jLk U _ 77 

? Jjjll lit jit ^U3 ^yw y^li jiku J* 

j ol/Jl iiltt U , 1.2 cm/s ^jU *W ^ l^ijL. il^i I mm U^S >_*** o*a* o!j£J LuLJl i*jJl.TB 
^y J^ ^c , 0.05 mm/s ^LpJI l^ J u*y tlj+Ji ^i ( 850 fcgto? tiCS j o^l &, s>j OJL _ 79 

. fj ul[ = 0.019 mPl tjpj <*jjjj 1.29 kg/m 3 tl^JI iiLtf ^i c«k HI ijifll 
: 3^-SJl jJ* ijJjJI jjyi iji ( i ) ^ , J0 u C 4Jjlj> i*jj *L J 0.4 mm U>i JUJ ^1 > ijS LL; _ 80 

. jA, V L^I ji ^i . ;_)HJ <jiL>Ji bjJI ( v) 
. 1:2:3 UjUail &> i^Jlj 3jLL( ^ ^ ^«** U^UJ] 1^}) oijSJl <> hj> ±^y cti&s ^ L-jJi ju*ji . Si 
^ ij_SJl frjj Ojjj* . 0.6 cm LbjLi J^ " (j S ^ y ( p - 840 kg/m* liiltf ) ^tiiJl ^ 3Jjj cJli _ 82 ■ 
tLtfl 3jSU ijiLpJl UjJl w U i jLt y^l ^f ^ . jJsJI J| gUs/fl J oijui ^ ^ j^ *j^ 

? )£* i>*j* j*^ 5 vW^' ik u^jiJI J* ? U^>> 

^k- i>L^ ^L-i Lfjj JJ i*U j^jl^ ^j*, &>} g^| 3.2 mm L*£^ Jitkll ^ o^i ciJ . 83 ■■ 
Ujjj J_jJ/ j^jU^j jjaUJi jJ ^i*yil ji ilkll Js. j& jt^.j jjJ: . 10.0 em x 10.fl cm ijij Uj^JI 
r 1.20 MPs hM\ > J.U. jij lif ^i jl LuJb ^^jUi !>| Uljj j(jL L . 45 N 
JL£»Vl ^U IjJ . 2.0 mm^ a^J J^j iJUi ^ ^ •tivd^g ^1 X Js 10 kg *±i' lJIj v i» . ^4 ■■ 

. 0.50 GPa uJjK ii ItjUU ! u)lj)| ^ v ^ J ^ ^ j^i ^ Li ( >L^ 
V^ j-Sjj O 1 -^ 6^-J 1 Ji SjW 1 '^^J L*^J t _jhS-aJI ^ tiwits ^ji' jji ;> iifjijl iiii* i^L- obi* _ 85 ■■ 
0-* ^*^ ji* yljD ^ JjUI Ly jjja ^ ^*u ^1 ijiJi ^ U . *Ui 4w o>; 3.6 m ^jS jj ^k ^Ui 

. 0,9m ! Ji>>vW i^U^ooi 
» 4 cm tjLi J^ ^ ^Li jk I^aj sy 1J_J yi-^JJl ^i^J; f jij^, ^jjj^JI .oljLJl ^ ^t.16 m 
jjfl tljfJl W l*i Li , 20cm *jb5 JujJ >T^LS ^k 12,000 N Vjj ijU, *jj ^J»^JI (i* ,jj^j 

? SjUJI ^ r j)Ul j*iJl ^Lili 
j^all ^jjjl ^J jjigi r i x ^ ) ^y^ jl5j . ^LuiJl i^blU! ui ^iy^Ji Lily ^j jj#yU *j>i^. 87 ■■ 
L 74.82 tmHg ji+jjUf Stlji cJli Uik 2,8^ cm jliL- o^b J^uil jtjill ^i al^-t, ^ ^1 tl^Jl J* 

V ol^U^i Uji< Jj-b Lull LJ 
j^ jtSi s y^Jl okLu^-U li^i Jibii-ill ^LJJ { 864 kg/m 3 cju)Ji «U^ ) ^ jL^JU .j*iJ_ 88 ■■ 
Sti^J cJl5 IjLj . ll.6cm jijiv OjaJI^ J^ali gill J t\f^ > ^bi t \^J\ JU yarn t/JI ^j cujJl J^+ 

? 5jyjl JJ-ljiwijJi ^j L i 74.23 cmHg ^Ui 
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{ wUU iA«\SJ\ ^liAll ) £&H >ill 



Jmat, t f, Sjj— .Hi jjij LiUi jtfj * Jii Jl 9-1^ J£i)L -i^ll ^jjl ^Uii Jj-1j till yUi ( I ).-:B6 ■■ 

&> P 2 P } iwLiJl jji i*j5 Li ( 1 iJaUl jwt UQ cm/s vljl ity, jljJU jl£ IjL* . yfcljSJI j** 2 j J jxiUill 




D-lp Jis 



. ij Ojj-j^j p tiiiiS jiL, Jl^Jw u &U iijM* b U^i Li^w H^lifl {> ijS 4j jl Jjj «ij .ilL .j>iJ _ 90 ■■ 

. JJ! J iiJl j»jl 

jjjj * Lajjl JJ tUl Jjj ^1*1 J! u^UI ci^j U&j 4 0.02 mVs sji Jjuw <ylk ^ji iiji & ttll jILL _ 91 ■■ 
, jit! Jl ll^ij Cii** Lk»>i ^iWl J*; Jjl* U& gijii Jy j&< ^oj j> jii M^jWl jl udjiy . 32 m 

jfliijl jaj jjjUl jl Ju_*j $xi flij ji j#w jU lui-i ^Lil U jj- Jii J* J-j>5 jIj_jJL> ^ IjjjJ jit _ 92 n 

I^UjjL gi j_fj US ' i jUJL iLu* 2 JjU'j Ujlll jU L>jiu 1 J>Jl &I5 L*& A, -&,= SO cm ^ J**£Jl 
j^JL jL*JJ jjkil JxiJJlj ^Lil! kJwi JjU ,> Jf *4-i Li . 740 mm b*ji !»1JI ^J*^ 4iyJI ^ y Ujyjj 

V SI oUaJlj 
^1 ^ Uj i jKJl ojjJl ^ U i 40 m U^j */ Jii ^k ^u *ili p^J+JI jU^ j^b ^ ^ UjIp . 93 i 
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llliU U5' y jUll W ^ tt^> ^ A^tdl J^iJI jj Uij*; 

. tjl v >jJf Lj-jJ j-1p jUJi kjw jL*i*!j ojlyJ! 4^-jj «^JU 

^jj , *j1j^> jl jUJl li'ji i5j> Sjtli -iJVjLf Sjljj-JI JL>ji 
A-iJ&u li}U]l ij-a _k Jj_a*JJ i^*L-il -jj"t»Jl jnJwlJl 

. izjlj^^jill ^ LjjoV> JtuJijl' OiJUl 




fjj l^pJI 4>jJ ^hjj lJUj olyj^jjJI 1 0-1 



j-Liiij iijljjjl 4_^jj jl Lib IL.L-JI j "'■*; JiZ jl LLkiij oli . j*Lt JliU 

yit JLtiM jUUl IsJ^ u 1 j^ <-*^W JsjMj ■ P""^ O 1 * 3j J^ » J 1 * ^jifc-J * 

. jjAl dj_,j* j^i L*L> jJp jjp Sjlj*JI WjJ u[i dJiS ■ bJjLjJI ^Ijit^l 
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( oijUU AiyJI ^jtwj ijljpJI 3*jj ) j£UH Jrf«J! 



tj_i . iltljlju JL ij|j_aJ| 4->jj ^Lii) I-..IV. -.11 fl^_>^l j*— J) . t ^iLJ! 



^ JlJll^ ji Cj jii (ijjl >tl Mill ji Jiu 

(2) l JJ— J j) j— aJl ULil (1) jiOi^i] 







jL^Jl Ijj ^^j , ijLiilj HImUI «ljl«^t) fW /SI 10-1 Jlili Ji*> 

jli JjIaSI u*jJ ojUj jjaw J^^Jl »i* ji iiu*j . Jja£SI ji (ijjiyiS Jy*pj> 

Jjjjy ) , ijlj_*Jl L*)J f Li^jLji jJJjj Jiw IjaJJI i-f^al ^J JiUI JjIju 

, ( JJL- Jl ^j l,j-ii JJl m-jJj 0-^! ' *jL~^'' ^j j **"V ^^ ^ TT^' 
. 10-1 Jiifl ^ JU^JI Ljji** ^ Ijij < ^hiJl ii_j*Jl JwUJ! lii ^Si\ iJL* 

Luit Lj^iJi 4jji*J^I ji JjUJi -L- jj!j< *-1j+ ^ iuliJt v*>jl' itiiW U 

.Jiill^jLUJl 
jj^iil uiiL^yL LujJi iiLjJl jS liJ'i jLii>lJl ( jL>^jjj)1 ji ) ^LULlI 
iiUI ^_^jJ-* ^^Ij Ul , Oj+ij^j t^jfjJU' wUij U* ij\j>S\ itfji |^UJ 
^_oJ1 till j_**J iLli >a 4^ti ( 1742 >lf ^^jLi ^jjjj^ ^jy*Jl »JWI 4jbjlJI 

&hU ji ^>^ ^. iou u C jji iuun Ujui ( v^ ^j ) o°c 41* 

jJj I jiJJl jjUjiiL LiL>i (j-Lill (lit ^j^ lifjj 1 l>_jj *jU jiJj**^' 

f Jr iJI p^i dj|j> tfjj jJu; lOCTP yij ^JQi .111 j^" Ji,k (i°? o' .r* 1 
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( ljIjUH ttjpJI 4j>j ijlj^fl *>/ ) jiUl >ill 



^6» 



: 10-1 Ji*i 



^.iV 3 US'. _ 



i*JtjI' 4^iij — 



jM. 







^.j^ ^1 Jl>^j . &8,6*F ^ tJ^JI f-*J' Sjlj-* M-jJ u' o^>j 
, ^yJl jJi 212°F j 32^ L** ^L^ii Iju ^JU ^1 *Ul cLtfj :** 
$4 giJi tj*ii jj-kW i^- 4_*jJ 100 j L.^^ t>jj 180 jli 4jI*j 

JJ^ S^l U*JI J JL*1 . 1 °F = 100 / 180 = 5/9 °C ^j C<jsMj 
oU-jjJ *^m id J 'C i °F aW ! ^ L^ « ij'j*" ^; J j* L> Jn 

^j ^ i L*.L^ , (K> jJ& ^j i^LSl ij^yi ^ SI r lW! jj 
±>l; jljLy Ij-jj oyj Ijji i o^j &$£» l^ 1 ^ J* ^ S-** 1 ^ 1 V^ 1 

. l^I jk 373,15 K j 273.15 K La ^Lill ii» J* 411 uW*j ^ j^ 
. u-Ll 4**1* L^i Ij L.LL (^MS ^Ljm ji3ji> liU t* fcjFj? Jj-*j l4»j 

f3 aJ ei^hll olu/SJi j'^iii $ aUj ^j , 10-12 p*!1 yi ilj? J r U lj»j 

ijIjdJI S^-jJj 7' , iijXJl Sjl^l WjJ oat ^M ^^ ^^ J 1 1(W J^ 1 

: T ( ^iiliUI > Ultll 



T = T C +273.15 
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{ ciljUl) fc^i lp } y^ i>jj ) puoi J^ill 






Jt i ijaj ail Ji. , J. jaJl j ^J 



T = 273.15 + ({T F ~mm 

^ ^ijjfl £^ Li*i . jft ji* *k*W |J Uo l« £ku LLi LlL^ji ll>JLJ 

ojl^p- L^.jj ^ jjii^ jiljj J| J*. L ^[*j_f .Lili p** « |t}*> ^^j <Jl> 
, >3l £i Ud>l ^jlj> aljM "JL* J jS*^j3llj ^Jl ji jjjjs JlLj . M4J1 

^U Jj yil ^ J oL- — =-JI J^v fii Ji jl^ug j^^JI ijlj* IS* ; j j^jj 
Jfcfc Bjlj*Jl 3I HUJI Pi* y JUij i (jfjil y^j &^ L^j j^ j^* ^[jil 
O-Dj s \i& U 'W« jJU> aii , Bjjjj jSSVi ^1 jj JijAw jii'^i ^Ji ,> 

. i^ftl L>UJ *<j*ili J.bU 
g**ji Up- ii* UU i fe*^ ij\y^\ ^j ^ ^ i^jj J ^^ 

jfjji ui> ^i 6^--*Ji ti! dli jjj^* . ^^*^i !> ji ejij> i».jj jhs ^ij 
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i 



( cjljliJJ tt_pJI 4jjJjjj DjIjjJl i*y ) jM\ JjjJI 



jjj^l w*j Jjjl! 10-2 



£^}j , 4liliSj Ujlj* LfrjJ j-lf jLjOl JaAi J*i*i JjS J til I itaJJl ^ gjfti*rf 

* >■-' .. j t ^/Jl />, 12 g J3 Sjj 6,02214 x 1(F j* jj«ll fi* J *s^ *^ 
: (mol) Jjll *-L iijjull <^)l jaj i jjU if' W& j*^ Jj/j ji jj*J' ija 

i JUbj . J^-* djJ 6,022 x W" i> jjSl Jj*wJ! oli <> i*\ Jl Jji1 i !W*i 

JjJi uLi jji U£j , 'Li' o^ i. JVji ojJJ ■>*■ J* *W 0* J*^ 1 J^ 1 (ij 1 ** 

; Ltli L<-<r; Jj_i U I : "^ ; ^1" j , oDLjiJI jjaJ jjjt* 4j£Jj i iliSJJ Oak u-J 
jjjL^jii jj* *iV A =6.02214 x 1CF particles per 1 mole 



t j^, j_Lai ji uUi ij>jj .i> >i$i ^ si ^tyi ji itttfi iu*j &i Liu>j 

nidi SKfli M^ #a J^ <-*j- ^ 

^ = 6.02214 x 10 11 particles / mole 
ijLLl o-i j-»iJI J r j_L£Jl ~&$ ^ U wU (> M ( ^jJJi ji ) *jjj>^ M 

- 

$ i iljUl ^, ITj, ^p J^ut) Gjb Jj^ 12 ftp Oi 12 g j i^> i 5tt*i 

Af wi o[J ^^; ' MW *f " 12 kstonol i^iJI ^^ uj-^ l2<] <> 1 kma ' 
M = $l kgtaol ( ^friy%J W = l-kgflrniol ; y ij>^ ^ >^ *^^ [ 
jUlM =28 kg/kmol ( (HaO) iLU If = 18 kg/kmol ( (G») Ltf^-^l jUJ 

, 2 j 1 ^ji*Ill Jl ^W* wa^J it^-all M jwJ J^ 6 1 >il^i ljJ » ■ IJ^i^ 1 



10-1 ^^^ J^* 

&j*U j,bO VjJ ^£ j*jf , 63.fi kg/kfiml ^L>J VjjJ' *^l 



\ 



. j^i^L carbon-1 2 jJkDl > 12 k ^s + 
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{ oljUU i£jSLl\ i^j ijlj^ll ^j ) jiyi j^]| 



tijJW ^L>Jl ^63J:kg ^jj i M=63.5kg/kmol $ L tyHbJt&ii 

: ^* ij»lj ijj to ill 4J115 . iljjJl q* 6,022 x IQ* B ^ 

ea.5 k^r ,,^..^.25 



ijj JiJ toll = 



6,022 *10 i6 atome 



1,08x10"* kg/atan 



: jji * lib5 A r „ ^ ^ji>j Cij* ji£ M 
, 6.31 x 10"™ : 4jL$1 . 2 ^*^1 £j* to i*j\ : ^ 



: JO-lJfr 

. jiijW M = 201 kg/kiiml j 

^jjjJI ^ *j_J| jUjL ^L> ijSjj 5jj J£J *wJI jij Ijiaj , (jiuJl ^Juu »j 

S^Ji jja J cAyii Ja3l jjji. La iJu*J JSI 

V t«J V-jJIj obU^Jl .I^J ^1 4j#JI y L : Jfj^ 

(jjj m J* <iji>J L^l ^Ib \^i j>ljll J r jL£ll ^ L^ II* utaij ; <oL>^l 

, iljjjl ^ iV^ 
f 1 kmol 1** jLa^l ^it; L jj } 5 ; Jlj»> 
i* ^r aM) i jjijlJ M ujij j^jJl iiliS i_LO ^_>J : IjI^-VI 
: Cti Ji>^f . j$l ,> J r J5J Lt£li alji^il 

f jj>iyi JjjJI »^> xf-y JljS : Jl^W 
Jj- $£ J£J ^>Jf ^ 'Jjji VN A tf^ 5a*IJI "bjill .4* ; £jUVI 

r^ 1 _ am kg /kmol 
k mo l L36X10 4 kg/m 3 



JJ_K uL 
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( ol j ! JdJ 4Sj*i\ hj£ } ij\ jiJ\ **jj ) jiUI I J*dl 



:OiJ 



^aJ| 



l.-tBxlQ~ a kg/kmol 
iji *i.UffixlU M atoms /kraol 

-2.4GxlO~ M m s /atom 







■o(&»&ai2L) M .uxifl 



!U 



n: 



4 1, t 

j-jJjJl |> SjJ Jfc4* Cj-aljJ Ijl -bl lS I . Itii 0.36 RM Jl i> l5j^ oljJJ! Jii 1 

1 Jsli 0.36 mm tJjb lj*» JJUii^ L^li *4ii^ k* ^i t_A» Jj ill* 






JUlljWIC^II 10-3 



3— rljjj Jjlj^'l J4l>L_fJI ijiLy tJJtl *JJ^ <**W BjljJvJl IUjJ iAAjJj (k+AJ 

ii> ^ iirfLJ! vjW^ 1 ^H/r >**; ■ s j'W Wj J £* 3^' ^*^ j** 2 **^ 

*£-jL jl ujjl_J>«JI gift l l>>^ u>«3*i v^"-" okj Uj i ojyOC Qjji (^ Jl*j! 
IJJ. JjJ ik/**; oiww *>f+*J 1 0—2 Jiill i Jl^jj , »jJl yplfci rf^j^ ji 
, jLiUf f-^-> ^>-JJ JULt 0jlj>!l ij>-jj J iUIji jUJI Jajui ^I^j Wjj . ji_JUI 
J— J j- j i LS o Lj . ' i. -fc ii _U J- j> , » J Jl^ .4^ ^i-^' D - l - a J-" ^J"J J^" ^) 

. 1U 3 JliJL 











!*• * 






fm 

" Jgj 
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( oljWJ <SyJl ^ SjljjJI h,ji ) JM jj)| 



J-*^ 



t*^-*^ 



JH JJ>i 



j!t ; jjj i+jj jli j.yj j^ j^ 





, <iiiu iijiili aaJ i 




A* jj Jrt Llii lJj&I ji JliJl ^i jjl'., 



u ir > u *^4J L*-ii i>wi c? fc>% « t ijijji ^ ;JJ ( p fl iij 

li^U j^j ei^UIJ ^ J L>% Jj ffJ . 4^1 jijj -uu Ufa*, ^|jii 

JU> ^ u> U> ^i Uls ju ^ ^ ^ ^Vl ^[ ^j 
■ V^ ^j j J^ f**l) ^M ^Ui rj JI 10-4 JSAII Jfy . ib' ^ 

, dLj ij^ ^ i^ -uji ^ uu, ^ (^ , ^ 3jJJ _ ^ f 
obLil Jyx ; im j IN 6 Hii][ (^ tfj4 .t ^U ^ iOiS Jfc ' 
. -273.15 n C jij jjl^l ^j ^ ^ Ity&JlJyluJI ^ 

: jiL. US Ltltj {^LUi tf^aH ^%i\ Jjfc ^ 
( y o r * tie ) f a (Eonstanl,)(T, + 373,15 C 4 ) 
( r o#S i* ) V - (constant)^ + 273,15 C) 

J^j . 2 1 , = -27S1^C U^ >J( j| ^ Vj f P -I ^ jW | ^^^ 

^^ ^ u j- 1 * J r^' ^j . in *3*Ji J> yfi iU\ Sji^i i»jj $s 

>l> iji V ji P J**) T c^ tit d y^l ^ ^i iLJL ^ l>ij 
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( uljLD iipJl lip) ijJj*Jl *>jJ ) r 1 ^ J^ 1 



PV - (consul) ( )LUI <*tf) % + 273.15 C°) 
■ xftUHj Jmj J ill 13 ibljll jjjv "^ 'W* Ji ^ j 1 * 5 ' **^ tH^" 

tut 
UjLu y ev$l U . )UU ii}^* jl k$\ 4Jj5JI Af * jWl tyi iM m ■*** 

mji j rj )i ^ ju-Lj . J? >A ^ lj J >*j ^'j^ 1 °$ u* 4 * ^ 

. r = T p + 27.1115 C ? : ulbil DjIjsJl l*y ^ T iu> 
OjiUII lia $33 j3J1 oljUJI ^jj < Jlill jWI jjilj ^ 52|WI ^ 

jjj lis . illUl HL»JI Jl *J^j jlAJl JuSj Ujic i,i*- Jl\ Jjj^fl i> ij i« 
: ^ Si oii>yL R L4J 4! SjjSslI UnJI oLUJI od 
R = 8S14 J/kmoLK = 8.314 J/miil.K 

UiWl ji J>^ iti-fll iflU*j ^ iU* A oIj>j J dLii; j5b o> iy*j 

. (10-1) 



j^l t&m jtiil )WI #"11 ji ttsjjl ^L*SH ^ > IV i 1 ^ 

L^lu jj_Sj ut uljkj f ijij— sJl ^?jJJ . Liij^JH ^L^JI oli>^ jJajj 
( N/m* ji ) Jll-UL PiwLJJi y-Uy SI oU*j!l flU ^j , ttUL ^j* 
^1 ja*s ^ R uj3 g^ iJUJl ma jij . (m s ) I«ill >% p^>Jl ^ILj 

. (kmolj oily 



: 10-2 Jii* 



, O.OOfi C fl ^ 1JSS2B x 10= Pa Ui ^L^l »jlj*H i>jJj ^1 lS^ 1 ilijijl 

jii (5ii |u»jji jj>ji . ( j-«ii tj-» ^ j^ yH 1 **j j i J ** 11 J -^ ) 

, J 1 jji^Ji i*jjj PLiiJJ ,yii#0! o^U ui* Jti- jl* > 1,000 kilumole 
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_ 



( dilj W) ftjjJl Sj^j JjlyJI 4^jj } jiUJI jdiJI 



silj J* (Jli , P t V t T . n j* oji afy& fa Ufji Jlill jWl cyili : M*^ 

. ijjyi ij*£U iL-lftj JiHl jUJI ijjlu J> t^jy o^Jl ait jj 

f Jlill jLJt ^yls ji 4*0&il j r J\ Jl obUl ^ 4,$ ; JVy 

iji^- WjJ J! Wij^ v^ ^J ' *i • 0.000 C n ji oU*d1 J*b : 5^$ 

P = 1000 Htm = 1.013 x 105 Pa ^ jtf , T = 273.15 + T* - 273.15 K 4 ijiilS" 

. n = 1.000 kmol } 

■ V J! M^ Ijjtf JW< j^ 1 £&# > ffc lUiLUJij >Ji 



V: 



nRr 



V = (1.000 km«l)(fiSU J/kmiiI.K)(27fl.1fl K]/(l .013 X 105 p a ) 
= 22.42 nflkmol 

^11 J„v»« jJ£ 22,4 m a Sjjj Uii J^i jta j*i ji ,> j>IjJi Jj+y^i 



n 



: 10-3 JU* 

♦Lcj J ( A( = 28.0 kg/kmol ) ^jjl-uJl 'JH j* 14.0 rag yw** IJJ 
¥ *l*yi J 3UII iuLi Li ; 27,0 J C itf 5.00 x 103 m > 

f P JJ L*iL Jlill 3UII to0 j*j mi^i *u»ii M j» ■ J||m 

, JUj ill l-jLa'jI ,'tJ illLu CjUU 

* si f Lbjji y Lfjs ;Ubu oij>yi j* ; Jt>- 

yLS Jl m JjyJj L*£> jt«i Jl V Jjj*Jj T Jl r r J^*3 y%v ^ : Iftfrjl 

: yj| jk tijltf ua P JJ L-JL Jlill jUJI j^li J*I lUfoJfj >x 
b nRT _ m KT 
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{ oljUU iSjpil Itjuj SjijpJI hf jj ) jAUl J*iH 





; ujiJ SI lututjltj i^l*ll ^L*iJi J; 


r =27,0 4 273 = 300 K 


m = 14,0xl4" fi kg V = 5.WxiQ~ 3 itf 




:$! 



f 14.0 x 10 ' 6 kgHS31 4 J / tanoLK)(300 KJ 
(28.0 kgtmolK5.00 sctlHm 8 ) 

249 N/m* = 249 Pa 



: 1M JCU 
fiO.O cm : < -u*> jjj J j^-jil 'ij+Ji ib5 &#i£i Jllli 3UJI y^li piUJ 



N; ^jji-uJl jj ''^fJ' j^-£w . 20 Q C L*jJ Jjl^* i*jjj 700 t»rr jjjiiuj 

? P i V 1 7^ lu J**j m iijJ jL>«J {^ J* ; J\y 

M£Nj) =aSkg/fcmol: ,>! 10-2 ^1 fe ^0 ; iub^l 
: jjl . LjliJlui OjjWI i> Jd iylll V^ ( lid ffci W ; f ^ (O s ) = 32 M^ J 
M (air) = (Q.A0X28 kj/kmol) +■ (0.20X32 kg/kmol) 
= 29k£flcoTnl 

P = [1.1&3 x 10= PafetaKSOO torr)(760 tonfotm) 
= 9.83 x $* Pa 

V=50,0xl0'"m3 

3 JH JI j—1* m UlJi JL3JI jLiJl &U LjI* ^ : i^lW^JaJl 



m 1 



PVM 

5.5 x10 s kg 



(20kjj/kmnl) 



(8314J/kmdKK298K) 



38 J - 






( ^jWJ hj>}\ hjt) iji^i i*jj ) jiyi jaiji 



10-5 JU* 



n 



^ jj ^ nji f m u ;J i ij^ ^ ^ ( ^i ^ % ) ^ c^ j^ $ 

jj Li l 1.0 atm ^IjL^fl JawJI ylf tils . GOT, Jj fyp, l^j c^jli ^1 
■ »;'^ ! **jJ j^ Ji* fyi Jy jLjJI p*> yi uijH t Jhj^B ^ ^LJI M 

jUJf ^Li ^IjAjL-11 LlJ, j^jj Jj . V j /i > Ji' i*J ^U II ^ : JJL 

■ 64^-dl a*j j-j oU£Jl ,jAj L^J Sj^j ^J Jlill p\ tyfii A&sJ ^ 1^ 
tfj£ty WlStf* <-!WJ L.JL i r i ^jj, jlili j.UJI ^(j ^ : Ll*Vl 

, i^LUi <jui) ii_Jij 









#1 

Li 



¥ SI i&U*^ LU« oL£>! ojj Ji j^: §1 ui+j Jj : JIL 

Ji ^ j«Ai>j ii iUijj ( jm ^ <j^ fjf } f t ^ ji ijjjj r 

$1 ^. d$\ ^ $j , iuJ]| J j^ji; J^ LjjpiJL Jj^dl ,iiUL« ^ j^; 

, ^LJlj Liljli^l ^illLJl ^i ^Iji>_jJ1 i^ijy jjjJL oLUl djj 

j !Tj - 20 t 273 = 293 K J u»J ijLjl oLki ^ rlilUdjJW) 

; .^J , Pj a 1 .0 atm J CpJ jOvj , T ± = GO + 273 = 333 K 



P =P 2 - 



(l.0atm)Q33K) 
298K 



li atm 



liiyi ^ ^ i>^>*4) _^ej 4xL>j Lj>ji' iuu r c J^u-il yl Ji*^ 



: 10-6 Jli* 

L^jj p^ ^ JijLi^ jLt.r ^j JsuwdJ 1&0 kPa Ipjji Wji JouJI ^Li. ^Lw 
juu kJijJI ^LL i*ljj yji: UU , 800 ton- ^j^LJI *J»iJ.j -lO^C 4Jjij> 
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( ciljUU 'Hj>tt L jfcj ijlj*li i*jd ) jAUIl J,dl 



^1 t 3FC jl { v j^jll i*^Jij ) jLL^ " 5j lj> ^ ^jlj SjWO i&tf 
JjJi, r bii-l ^ Jjk . &U JLUlj <Ltl 8 i> 0* #* ^ JU* : $r 

* jiiii juji ^is J *j»^ j*yii ^ 
JjjjUi.^i -toil J ^ ■ "^ T * J^ 1 ^W ^ y^Ji ^ -tf : W 

^uai *u»jji u» u# t) u*j j^> pflj < V-^ 1 ^ ^j J 1 r 1 - 1 ^ 

. jjLHI JwU^ JjIa* ^j 
T jS^Vi Jill toll j* i* : J!}- 

= (800/760)11,01 x 10 fi Fa) t 1.90 X iO 5 Pa 
_ ( 1 .06 + 1.90) x 10 1 Pa = 2.% x 10* Pa 



P; 7\ W 






f % = 3R + 273=308 K i r, - 273 I (-10) * 263 K d 

£, = %$ x 105 P»)(308/263) = 3,47 x 10 5 Fa 

: Pa £> y^ ^Lill M) &k% . jKJUiiil j* li> a ! fi 
(P& = 3.74 x 10^ P;,- (1.06 xlO* Pa) 

= 24UPa 



: 10-7 JU* 



f i&u ^j ^ulaM &*-^ *M> J >¥ W^ &** J J* J J ^ t& 

,18:1 UjU^I i^i J^j J>hj ^*J >j*lill Ji» j**j% ■ J^) 1 iU ^ 

d jUJi *#f u> I ^ . if, .£v, tJ j ^ p> J! ^ »>i Ji^i 

Lji* 740 torr ^J toj 300 k Ujj *jlj* ^-> # ^J^ >^ V) 

^ ^uii ^ J *-* juii SjV* <-*j j it* u ■ v i i:l ^ !;i,| r^ ^ 

? 37,000 torr J| W J»*H ^3j« ■ VJ JJ '0\^i\ 
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( oljUU frj*M hjii} ijljjjl ^.jj ) jiUJI JdiJI 



J ^>i Sj* t^i ij>* j/ jUii 3UJ1 ^ ..uuu ^ j» i JIJ* 

r 2 _ tyi 



r i V, 



: o> i*j &UI JJjUIi i>:iiiL^ijJjJi 



8 T, 7K 



300 K 



37,000 tort V 1 



740 brr 



K 



= 833 K 



, j^yi juj'*j 4JI1' oil s .1 jji i> j 4 



Ml jUJi j^UI J^l ^lill lfl-5 



. 4Jjlj> UjJ Llll* JLS1I jUII iJw 6j: j^ PV = nRT JUJi jUJi ^ 
(SUl jjLUI iLJj *jL jLiJl 3LJI J^ ^ aji ^ t ^j , i^^ ^ ji 

■ jUII Jt- ^j^v lS^I V tif p** j] h^l Jh* 

•— i^jliJl j*lj-*Ilj jLiJ! a ; lj_k L*o j^ Ulft jLiiJif ^l »jij J^ 
JL-ILI dJi ^J L^ai^l j*J , 7-6 JUII jj h>jJI L^b ^ij^l rJ^J ^[^j 



-3ft4- 



( ^IjliJ] iSjii\ iijfcj ijlj*11 i>jj ) jiUl jUoiJt 






r 
Laj^L LLu« jUJl uLoj jilJJ jj]j .uj , lijjJl C'Llj_l> ^ jUJl lL-Lu^ 

jLi i j_>I _I* Jji* sbfJl jJLa ^J^ &l£ij iljili j oULjj^l jija^- 
lSj»i\ oU» k^ji* jJ kiiUli 4_Sj*Ji ol^j* i* J£ pl+J fl] j^ !ii 

. LjLmJLD Uj5u-( (KE) 



— Hiu? = —mnl a —mvi 

i * 2 y 2 * 




1™j e * ImJ + iflw] = im»* - KE 

S * 2 ' 2 J 2 



; obii |jlw iI^mB^jJI i^jjLt |)^j 



2 x 2 - v 



1«> 



tKR 



uLdJ Vi ^ iiUJu ,»jk^ J oLu-^l jjjs iu-jii iijLj,; gl Jul iJL: 2 jujJI ^ ^'A\ i^uJl yJtUj - 3 

. ( X jJi*jJ LJiJAH llfJlfl yi ^ (- " 

j(j_?J1 iJm aj ^jL^O^ iJ JJW1 s jut jS , (10-5 Jii) u j^l ^* ^>^H 
^Lj u (>-ii i Lid j: j)^*^J V 1 -^"^' sU^^'I ^ *5jjvill ^li^j^Ji jJj J_j^ 



-KE 

5 



.1 i 



1 2 



■ 385 



( iijWJ HjsJi a^jtij iji^ji ^jj ) j6uji j*sji 



.Luu J^Uj i l ^ii»li; 7-6 Jill 1*au jj Ujlj^] M^Ul O^biuJf yl5 iJjij 

6 

; j JLlil jLJl tJL ^ a*1j ' ;r; 'T 11 3*}*H ill* ji P = 4^KE}n v iftUJ ^ 

i-£y* 4_Sll» Ja__*jit U'iljJ Bjlj_»jl 4_»jJ j^-Jti |j_t Uu£v WJ J li»JM>l j j| 

jjiUL jJajJi ptikXii (10-2) UjWL ^Ul Kali SljU^i , jUJl clL}* 



a 



riRT 



, ,KB ".- v 



' Hj£ LlLu ilLuJl L OjJl L^jLikjJl , UOKJ tl^ll iJjLljLJIjJl JJA 

■ -^tt- u ; j^O -j 



Iff, 3 



(10-3) 



: J}[> US LjjuJI 4jjuij jUjJdjj culi j*-j i =RIN A Ou> 

. jlill ;,UII J ol^JJ LJLtU^f tfjjJI - JLL L-jil ^ UlUi bj1j*!l i*jj 
JLJ<p yjl ijlj>!l L>-jJ Ol jp (OK) jJLLJ' jLiJJ ^ItiJI ^1*11 if ii>^ 

jIjII ^1 ji'ii tiLJj , jjl^jJl ^pll j1a*j 3L1Z I^jU LIa ik>>U lil JLi 

. C^Uil % j ^ 0& &j* Jfl **l^l 



2 2 2 



(10-4) 
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( aljUJJ ii^'l jjjjiij ijljfcfl i>jj ) j^UJl jLsiJl 



4lwyil 4j5j_uJl jj PjJ —If J -■--'■ Uils iuiJl ■>-.'' j i jmj jjl ,jjj' Lji> Ijij 

>'™ - fr <1W) 

4_I5j> Silj^j* J#j-i Ifj! Jj i LjUJi ik-yli i*jJl jjs o-*J rms kjJ 
Luili ilj. ji ^Jj yi jU+j i_±**1lt ;^_ij , oCgj^Jl iSj> 4311? L^ jjLu 

Jj Uulj jjjj' oLjLauJti L oLjLull jjj lilLjjJjJl **J^ *-£» J^ **j-ll 

^jj jj> §)£ JD iipJI uW ^Uu iiM jjlj>ll <*_,j J\ 4i>J J>ai ji 

j 

. LUw LLis iuJ -jp siilj «j . iljUjii Jj'j-jI *it> 
*jLa>JI oljUJl if jjLj ^liJl aIa j' «4tf4j jl iy ji-^ 1 li* -'i j' J^j 
j^-Ili j-i tLii ijJ* ^>% *JI liUi , iJj ik-jillj UWl &j.ljjJl oUjj jjj: 

C*jj£ ^mj^jj^S C^Lpjrf JI Jv*jj oljJiJl \jm>1 ■ jlkll jLaJl jjj t. fj*ib 4jEjaJ1 

jf J I J UU ^LSls-l Tl wIj_jJI JI aJ'jJI jjjt; vU-^l Jj >^ US i Ujlil! 

-wixUl SjlyJl l1>'l>jJ iwi LULLED jaLjJI J'jLJl *Jj> , ( IjL? *JJL Ul^iJ 

iLLi'l JjjjI 1 ! i iJ^Ulj iji'l ? jj^ll jj»j l till 'ijJLiu *Ij_*1jL iLfJLu >^j 
UjaI ^1 x LjjJaJI Lijliili CiLj^j v j^tjti ^i JJJSj wUSll Ill |> Ijjiill 

, yUSJi JiU [^ 
10-2 j*jjti Jul 

. Syl^Jl -i>jj^ i"v*Ji SIj-i uju ^lxi (10-5) il j Lull Jjju_i^ ; jiJalt JVjlrfl 

: ^j| i 2S,0kg/kmo] fyLvN^ in*iJb& iA->*Ji Mf ^i iiu** , N A Jy> JS 

m = tt- = ^r 4.55x10 lfi kg 

JVj! 8i02jslO"7lBMl 

: £|i i*J (10-5) iJjUll JUi^Lj 



iUj ^-U tLJvj ! luli j£J JJI iJi ^Lj ^ fj^ 4Jlf U^ aju J k>Y 
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( firijUil ^jpJI 4rfjJwj 5jl_^Jl i^jj ) jiLJI Jjill 






4jijy?JI oUjJI jujjj 10-6 



liLuVxli ''^J'-uJI iii , , n ll j-iii J uJI 'ijuj i olijJ 1 ajus ju\y JiXi J LviJi 
jil—ijiAji pjiJ — j I jij . lSj—iil fcju ^J_i ^jj jl Llu« «j-*J Jj-Xjj jjjl 

jU^iV I860 fU jj oljUU LS>JI Lj> Jij-SU J^ ^«* jiH^-'il 

Ll«Ijj OvjJJJ _*) I JjjjtiU JI_JJJJ (j*-J ^"jJjJI dIa . 7 1 ILuu i J j> 4> ,J 

, j^j>\ ^ r JU* ji Jul . m K i>jj .w 0^ jt* ot^j*J 10-6 JiiJL 
ii^Jl Jrt! j»j s VL^I jjftll 4*^1 ^j u m j»j j^i k^Jl , iuU>^li 

« = V2.E = 1,414 J^ 



IJ = J~ 



8 IkT 



1.596 J^ 



JaJ^ =1,732,!^ 



m 






T-ra=2?w 




(m/s) ulejJI 



-aaa- 



( api ~tfj±l\ ^jfcy Bjlj*JI aj-jJ J >il-]l >*ti 






: 10-7 JLS 

iijj iiLlJj yiLJ ^LuJt Jjjjj yto^ 




1 4 mi i ■ t$ti) .'in ill 2500 



Mltlh 



, iJ^fuj jJJ^Sl jj^^vJI jUjI |jiw iiUj-JI iii Ji>[ l»^ ^* IJ|i «jkj 
L^ iJ jjljI N a jli <y <Jui J obj-JI wjjj jjAli ui^S 10- 7 JSiJI t-j^j 

l ±jii \k# »lJj*B ^l oUijj^Jl ,> ^Ui IjAC UjIj ^li» yl oU^JJ JfjJfti 
. v m o* !*^ *^ c»U*«f i)>*l L^j ^UB Iai* lilj Jta jl US 
,l#j^*J ,>> JjjJI o-i ^1 *jj< o^S Ji^il* 4jjJw .j [ J[ ^ 'j^^ 1 j^J 

<tj_jl qUIajI _jJ*j jj! oUjLsuJi y*Jy 4jjj}>J1 il*j_Jl ^Ld ^£*J jj> li* 

JLj^Ji f LkLJ 1926 Jjiv ^ , £#->l\ dJJ jj jij^ J U IJJbj t jI^Ij 
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( oljUD 5j'j*Jt hjZ) jjlj^Ji ^jj ) jiUJl jjifl 



^ i-,pl\ Jy-iU CiljjJy Oiii jJl Sj^JI t^vj tl^l jjjUjJjl ^llft] 

: Uttl iUili J^ill J iiiUJL 

jJaUI Jul 



; Ji Ijjli j^SJ jl ujfu Jjtill Ijjs ou+JI Jij j"il 

( j ) 1 Jjj j4£Jlj l|j1> ( h ) 1 jy^ltyil jj* ( r ) l *^l>»Jl il^U; JJ JjAjJ I j^ tHJl ( j ) s y*15 ^Lt* ( j ) 
6jJU ( 6 ) s jUll jLill ( ^ ) < A jUjilj *<U ( J } t fi d)UH cvU ( ii ) 1 <wj*J< «Mj ^ili M 

. j^lill jjjs (^ 5jlj*ll oWjj Jj**J . SiSill trtiUll 1^1 JS jk '111 jLiij ju^ ^itiJj 

, It^xt SjUJ ^j^Ji jl OjjJl U4UI jji; Ljup Ifc£Ji iijkt iiif j **i*i jLili j c/iJl ^ ^L> . 4 
, ;#>Si ^CuiUl LijLu, P 1 ■ V t T dflffl o^SJI ^ jl jLn)' JLiiJ 3UII fi^Q ^1 . 5 

. 0^ IjLi L* jii ij^SLJ biji^ y^j ^pJl ij^iil fi . 6 

Liji'l IMllj jU3l Sjljj- i^jj L^uLjti IJJ J Hi jli ^i LJjm to' lilLj* ji oiji Wj- ju j i^^u ji> uL> . 8 



jfl*l* 






N,, - 6.02214 x IO21 partidee/mol 



tf = B314JftmolJC 



A=J?W A =:iJJ8xl0*J!K 



; (S) ol;LkJl ojLj 

: (ft) jUjjJ_jj cul; 

: 44-iL! ^jUj oiijyj 
: ijlj^ll <L>jj ^^li* 

; 1 aim tji Japo Jaii jic Jul! tllLi Lili ly v Ji Lia^^II kill 
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( djUH ttj*)l hj&j ijlj*Ji i*jj ) jiUl jjiii 



If 



V 



mis 212 1UQ jUJlto 

273.15 32 U j4*JJiiU 



L^A r 



j— o Liiii iLjf- 



, T c = (T F - 32X5/9) j* !> $ T,- im iiWl - 5 

L 

: Jtftl jlill tyllg 

. iljjJl ji *Q$*J1 jj* JV Jl*rf U># i ^ fr$i j! ofyll jj* n J^ JUai jli)l £gtf jl - 2 

; oljliU ii^>JI 4^ 



KE = - 1 -m^ 2 =-W 



&mW 



m 



_JA Cilj^»Jl jl Cf\jU\ <Pj* «j# JswJJJ ji* 



oLliiXfj iL*J 



. -270°C ( V ) , IFC ( i ) ajlpJI Uy y£ 

^ ,jl*jiH jlifl Jj>jj Jj> . ^b 0; ji*J ^ ^^ til % I Nj *BjJ^ ,> ILL! gj^ tl^fJ o 1 i> fjk - ^ 

ii_i .iii-,1 , 11,200 m/s i> UjIj« Jjj *} icj— *j Lj-^1> f^-*JI li» J^i ij< e^ u^j* ^ f - * Vjrfi ^ - 3 
l>i ^jJb i 4^JI J j^^Ju+Jl j^ Jab J^JI jJi^l JJlj Jj*» jj-£ ^ i|?JI Iw-itl) -U^j^ Wj JiSj *i«>Ji 
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{ iijtai ij>ji ljuj jj^i s^jj ) ^uji j«ji 









. JLUI p\ &$ > L^li SJU ^ y ^yb $ Q$ , ^ 

^luC 4li^j 3UJI Jaij ^ yt hjlt i DjIjjJl 4*jJ jjL)j Cjjt jOjj jUJI fJ>J- J J* JjLi ^yLi ^ _ 5 

, Jlill p\ ^B 0, L.U 4JU ^lill b J c*fi\ 
J ^IjUJ ifcfcil kyUl\ ^ ^ *|jUII ^ U>J JSI" JaUJ' J ^ <At>JL V^ ^lj o^li ^ . 6 

. <5>*JI J^j Jlill jUll ^li fijiiX JJ L^, «# . W^i 
■ ihA^ oi^ jl* dpH 6$ j*t*j M* J ^ ^' *** fl*N*SSlj ^■jji^-'l t*}U Ch M> ^^ - V 
^J JaA^i j^ j* , 2H ? + 2 -» KHjO iLLuJU ILL L^^j j^^UJl JUWi i^i ^HJl ^ Sjl^i ailbi 

? 2Q*C 1^1 5jlj>Jl i*^ 290*0 
<dwJs s> ^j t « yjj^ Lj iii ^3* » 4^ iy ^ ^>j r L? t HJiGJI <iL»[ jij oliji Mj j^ L ^^ <j[5" Liu _ 8 

, jUJI > W* kg ^ |j^ ^ j* ul **k 



10-1^1 

. 280 k fr) \ -WC ( V ) ( WY ( i ) : ^| i^l l*,j ^ LL JJ ^ U- Jj» . 1 

. 230 k {^-) . -22*F (V ) , 72*C ( i ) : ^'l JjlyJI ^ j-LL JJ ^ L J^.2 

, jilSllj co^^iJ! oL»-jJU u« Sjl^JI l*jj p joi , 252.87^ JiUl ^-jjj^JI j^ ^ . 3 

. WiSJij ^^Ui oL> JL jjill U* ui .j-*! . M D F j^Jlj jj»|| Jjj^Jl ^ &>-jP ft ti^fjij-t 

, aaUjJj^I ctajjJlrf jlfAl^llj jLJiJi jiii OJ (y) * Lj^UJl oUjjJb 

j-> ^Wji* trU** ^ jiiLiil jii-wJl if ^-y\ * u-jjJL* j-LjIi Jfr AT C jljlij 3jL djIjj- q-jj i^ lij . 6 



tr F *\tT c 



jjL^" cjiLSj ( 1922 f Lc LuJ jj ^;L£ j^i Jb ^1 »Li jLs Lj_L^J ^ 5jl_j* «^j ^i ^i ji^ . 7 
, Ijj^JI Jj-fc^ii SjUJL, Jji-y 4ki« ji 1983 pLc oJ>, j*i -128.56 U F j*j jjlj> ^j Jj] bl , 136 r, F 

. ijilSlj L}1lJI iiL>jjJl Ji ^U jjlj^Ji ji^jj J_p 

? 6^j kli if ; j4' ^^« J^ «-*>'j uj^ ,j*JI i^*> 5jlj» 4>_|j jljit L» _ 9 



■ l^!j ^j^M 1 ^L*jjJLf ii* Sjl-j^l <^jj & £* . 98.6T j* fa& Laj i)U i ^LJ] u» l*L» i**j , 10 



10-2 pJpl 
\ ; juiJlj>JI (_*) f liifj fw) f ^jJi (I :) > 5j*JjJ) iyJl 3M y U . 11 
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( oljUJJ 4i_pJi <bj]ijj Sjlj>J1 i*jJ } jiUJl J*yJI 



V yUUl jU ,> i*lj 3j» ilsS U . NH g y ^jLuJi jUI LuL«£i JJyJI . 12 
l ; 50 [; '.j'lliS lii£ J ^jjUJI ^Lu^> jj* Li . ('i;H, ; j ;>i}i*i' ^U*AJ' u^JI . 13 

, H/) ^ (UJJ LjSU^fll U**ll V ^kll ^ iUl i^j* ja£ L* , «L11 & SO g U,j3 *1£ Js ^\S gp^ _ 15 
■j JJI &>* ULif i^J { i ) t 1100 kg/m ; < j*Lj uitiij 1 10,000 ktf/kmol ^* j>LyJJ 4^1 ifcSi - 16 

! j^LwJi ,> 1 itv 5 )jJ **^ ji oli^fJl jja Li (_*) f 1 kg Lijjl its" ji (jjLJl *U^> w* Li (i_*) 
. -Li^l J^£J! ^. &,* US ( i ) ±^l , LLj*; 790 k*/ni* djL* ( C s H s 0H ) J&)\ Jyill ttltf . IV 

. jJLuy)'! Jj^l jt 1 liter ,y oLujjJI jm (^) 
t <^JI *±S ^ L. , Li^ dj^- Jlij 60 kg <2}£ ftq u! j^«. IB 

IMj 10-S£,LiJl 

1 2.2 x 10 s Pa ^UUi W J^Jjl* ^ I jj» . 22 D C S^-jj te 2 Di*-^ 1 jLi ^ j^ J li$w u** ^ - IS 

* jl>Ji ^ &>»&i\ <loS Ui 
ri J4_!l iJbi5 U . 1200 kPa »jjS LUj ftJ J C l*jjs i^ i»y ji> He f uJ+Ji jU JL 2 liter *+** ^ij* iSj^ - ^ 

20 = F tijp- i*jj 'LUJI .lj (> ^ y 6mX 8 m x 10 m U*** ft* j^ 0/ ^i *ij#J U&\ Utfl> ; J . 21 ■ 

ijj l^ TJ _iJ J U>iH J^jj ^1 i-ij^_ii L_^' j* U . 2ft.fi kg/kmd tlj^J Ijl^ll ^£Jf ifc-j^ &l jj^I 

. Jt>JI Ja^l i£jl*i OyUI y iuUill ji ^Ja\ . 75 U F Jl IjljjJI 4j»jJ tlkUijI 

cJdii J 180 kPa IfJ ^Uil Ja« jy^ ^^ !***» 27 = C U ; i ijlj> Lj-jJ Ji* Jll* jliu jLl>l ^ *J obU . 22 

, 384 n C Jl l^iKJ jj^ 4yfi^l J j^Ljill W Jjli u^- *& ■ f ^ 
kjui ylS Ijli , iijit jj LfjJLiS j* 568 mg jIjLu LjjJiS' ojIjj^ J^-*-» jLu jiJ ij-ai \( ■>> BjjjIj illi . 23 ■ 

f jUili y^JI Us£H j* Ui ( 23 n C ^lj> m-jjj 30 kPfl jUJI 
LjL? JjJjjj 2T0 UjJ Sjljj- L>-jj jl)* Kg j^jlj^I jli ^ *i^- JL& i.Li»L 4a1jj jLoil L*jjl jy*^ , 24 

S' -88*C Ujjj 5jlj> **,j JJ ftj^jP iis jUJJ y-l^ll IhLd j^Jij IkJ L. . 240 kPa L^i j-Ljill 
LH Uiii Jmu JjJ^i Jjy ^ V fl ^i^j- ijW >J ^ ^' 100 kPa ^aSj^I l*U£ *ijfJi 6* ^ f^> I* . 25 

! 160 kPa JJ ^ 

ij 3LJI 4—i«4i ijjll p^>JI L, 840 kPa jjji ^LL JxU J*Jj* j^ ^Mwi^l jL; jk jj^ 1 liter .a** jlj> , 27 

. iiU jUJI tjl^ i*jj ji jijiil V 100 kPa (j^Ji LlJI Jl tLi^ J-u ^l> bjjuJ 
jljj LjLj^I *Juu3 ^Jj: Jl JLt^* Jrfj jJ* 100 kPa j^>JI i^LiJIj (27 n CJ Uyi\ ":Jj> ^jj j^ jli ki^ „ 28 

f jUU Sjjj^SI >jIj>JJ i*jj j* L. , 2500 kPa Jj jP ^.Li 

Jl L^o- Jij oljj i^J Lfk«j ,_*&Lv jl J! 27 °C L»jJ* ijlj* Wy -^ 1 )* ^ i 1 * C>* *4t" ^ ^^ - ^ 

. i^LplI ^jij> ifrji J] jiAiJ y Ijju'i'l jjlj>JI i^-jj *i-i i»y , ^LsoJl 
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( oljttU tfpOl iijjiij ij\j>l\ i*jj ) jiLJI j*i]| 






IjI ( i ) , 27*C Lijii djIj* <>jjj 500 kPa Bj j5 jlk, Lu ok ^^1 ;ti $ 1 mol J# tjjl^ fcij* . 30 ■ 

* ; jUU jj^ CjljiJf O-jJ ^i Ui , jjSU^Il JwLaJl JLftj ii^ji 4Jm^ rtrfj j2* rtjJI i^u Alt jUll ^*- 

V jUU DJJJ*JI 5jtj*J| IfrjJ ^ L) . ^ ik^ij 4**> ^ J£ J^Lu ijJKi jUll ipm IJI (u) 

±uw J! Ui; ^^Jl L^U jUkiyj 30 ffl C L*ji ojljj- <^jj & * i^JI ^LSil Ll» JjjaJi d^ J . 31 ■ 

* k^ili -ij+JU ^UJJI DjIyJI ** j jj L, , ^UVt u** ,> 1/15 ^L, ^.j 5400 kPa jlp. fjJ J 
jjjj Ljj ,>. 27°C 4Jjlj> Lfcjj jLi w_J ^jill '.'m > Jyjj iiLf Ji , ki^J Jl ^IjLJ! ,J^\ jamJI jjy. ^ ■ 

! «jfll jUU S^Uai tjl^Jl vjj ^i L . ^Ijl^I <^ ; i LUJ. 30 -U*> *^l> tSj^ll LUI Jl 4000 kPa 
p*> jii iy 12 L^a* iiy ^i &L*j lijj 1000 kPa >ji jlk Lu» 27=0 Uji »j[j* U, j j& j'i ^ . 3 ■) ■ 

? jUU jjL^I JijLjJI ^ L) j -10 n C M*J*J1 Ojlj> S*jj otf ijli . p\ 

jl J-jj 4_cUfi]l »»> i*ji . V a L^t^s- iflto <1l& J* jJjJl *y ujiJl till i 10 m j*s j£ i5*w cj^j>-i . 34 ■ 

. j^*Jl t'jjl <uU JJii HrfwJI 5jlj> i^-jj if tfipil . j^L -LJI Jl J^ 
•111 ^Ujj! jIjJU U . *W J JLiI Ji ll»ij y^ll Lijiy cwij |J 16 em \+ifi yijkJ jU>< ^l oJi _ 36 ■ 
JJ Lyjflll jj» j *Lil *k* jJi s i j4 Jf W J L^jil ? «QI ^ if jlill L^jL -**, Uoi£ l^Vl >Ij 
. U^ *w *Ll' J£j Ljj'il Jib ti^JI ijly. i>jj ^1 Uul (jijjjl . 1 atari ^Ly ( btjj 
j-^ ^=i ^J^ ( 3-tyN ^ ejLii*il> ) 24 m sjjjj J jL5 i_Li _Jl Jl jaIu uiu»j L jV sJI jLa.^l jJ^ »ijy . 3G ■ 
^j^l iuLiJI ij r ^JL lijl„ cuJUl o^ ti] . -73T ^ i^l l^-jj jjSjj Mi 3 kPa ^Uill ^ ^1 

I u^L! iL^J ^jJUJl ^ U i 27'C Uji sjlj* i^jjj 

" ^mi »m jiA*f-|^u. u , ino^r u> 5 ; i^ ^ ^iwa^j jiui *m ^ i uter j^. 37 

? jl& SIS jLsjI ^i 3UJ1 ^' iftfj^ J Ji Jl,^ jUll jLiil ^U .j^OUl . 38 
. JIJIl jUll jjili J'^aUL; i^-Wl LLallj Djlj>J1 i^-jj il* O a i >L^i 1 Jl \li iilij ^c , 3& 

lfl-G j 10-5 ^LajaJI 
j^ { m = L67 x 1 fr® kg ) dSj^ftl i! ^ JiJI i*j t.l4.x Ifl 8 ! JIj*j ^1 ^ ^ Ijl^sJI L* ; j ^ - 49 

f C C jit oliij^JI dJjJ raia i*jJI J'ji^i i^LJ Jli* jU oLj*J rms ^U_^JI t^j ;_>!_>> ^j uji iit . 42 

* (27*C) ii^l Ujj tit ^&di\ oU^ ^ 5ilb Jwjl* L . 43 

rms fcjpJI tljLuIS 5jljj> cjjj ^l jJip ( 1 ) . 11,2 km/si Jl^> u#jVl ^ jiw jy JjiZll ^j/ iij- , 44 

f-ji^JI oUij^J rms uij-Jl i>^ Ojljj^ "m- ; j ji j_l£ , 2.37 kmfe Jl_j* y2i\ ^ ^ ^i .^Jl «y _ 45 
oljj jj LLi jjiii j^jLiJI *LiiJI j^l oLijUi liLil a»j . 3 K Jl^> j^jtxll fU^Ji J ijUfcll i»jj . 46 
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_ 



{ a\0 ^j*)i iifa ljlj*B l*ji ) jiWi >*Ji 



ji o^>*jJ^i ^ w*')li sjJJl SllfakfjS* A»ji (v) ■ ( atm > l5j-=tJI ^^ *W u* j^J - j*; 1 ^ 1 tLii!l 

* Si>lj)l ijiil i^r- L* (_») . jWl lift 
, P-pi^/3 Bj^all ^ t£J& fa Jtlll JUJ1 U^ tf oySJ - 47 

^j J L*JJ IlUI uti£IL d:bL> l>^ {$ . CJUL* llli »jLisL 100 8 C j 1 atm jO* .111 ; L^ lilii' i*ji - 48 ■ 

, <J»Mj j5 j> ji jy* . 0-598 kg/ms 

lij J* V p\ IJ* > w-l^I! &>1! ttJS Ui i 80 m/B jjU 27°C »ji pJI **jj j^ jUJ rms i^Ji dlS lij . 4G 

"oj^Jl ojj oUj— *» ^j^X) . x jfsJl UHU ^ u tf*j**j Wg LfJ* JS Uii' olhH*JI &* ^> */•*- 50 ■ 
iuL£ lij i*L_J! jjj j-t W**Jl -u;^ 1 ^ **jl . «**H j* £*** 1 X 10" Jj*4 1 mm' l*jj* i>Li 
m« = 9,1 x 1U" 31 kg iy> ujjjAsldl Lgil ji ^jyiSJj i*j*J 'd-X >J; jyS . fjUifl it l^ j^ib ^U^i 

, u=.8xl(Ftt/s i 

j_1* filyrf ^JU ^ H s ^jj-^Jlj Hb fJ ifJl JjU > J^ Jfc tf^ 2.5 liter u** JiiJl -^ *i - 51 ■ 
f *t^l J>L J£}\ UjJl >* Us i [**jjJ*J o* 2 mol j j^ifJI u# 1 moi J* ^jl^ r ■!$ jlS lil p>) 

Uji iijl^ J-?jJ ■»*> *B<J*II ^ jjjjU-^I Jit Jw J* jy*. 24 cm ^i* Jjb J£4JI ^«S* jiV. *Ui - r > 2 ■ 

; ^Li^l Ob-* j>1 J« jWI Lk yy, ^i ^1 jfA I* ■ 27 n C 
jj> Sijij ^Jj: 10,0 cm s LfStffi ^L-jj 36,00 em l^UCjl 3i*lj ueli olj u;U ^b ^ivk, 1 ^^-ij . 53 ■ 

LJLiJl Li^ L* . 4jlj3l *jJ* |U4j f^ ; * J| I>*5— Jb d rj-j iJijt-'i'l ji 4.3 kg *3hS ( JlSi*l jjJ f^*k 
, 0"C ^l^J< 5jl>vJl i>y jl ^1 T 0^1 yi> y ^Ljfll ^jlj ^1^1 J>b 
^ oj^i ^ o-Uj Umj , j*ii ^j ji U» i>i ^ a*U*j 1 m UJ> V 5^-Wj vj^' <^) - M ■ 
L»jj j jJL^ »U jj i^U j-1*;! J^JJl ^ p3 27 U C Ujj* ijl^ ^ 4J* liUi J-sili y ifjgj'fl ^ 

« Lj^l ^ jJjJI ijlOJ j|a*)l a#jI< ^^ |J . ( 100 n C Ojl^> 
±J^ ) .li>b i-i^% jyjl J^ll jttl , 6 cm irUJjl jji}Jl 0- Jj+£ JU\ L«*> 5ki ***b ^*1 h^ - SS ■ 
'j.uJi^ Cij L^*JI ii^li lij . 21} cm bbji «U j^jli jjLJl jjUI (> ^ *fc*J ^ ( ^Iti^l 

0,4 g JWI ^J^ SbS ^L^ lij . .LkUL, ^ o> ^ jU* 1 V' J lu< V JL>JI ^J 1 ^ " 4 ^ ^^J - C6 ■■ 
JlaJl ^Ull ^fifyJiMi Vj*iVi yi C0 a jL^ Jfll Li^JI j* L*J i 22 cm' L^UJ ^ "^^ ^> jLSj 

! 27°C LajjJ J,lj> InjJ j^ Js^JI^jJI ^ lSj!j> '^ Ji j^ 1 >«J 

^ ol>J Ia* --'Ji<- !a^ i^i>^ 3jl>> ^jJ 4-w f Li»L 24 cm* U**> jLj^I L^i ^ Uj^ - 57 1 

j^j^i W ojS- til. . ( -210°C ^-i^ 1 ^ ^ ) W ii5 ^^ ll >* Jl °* ^' ^ ^ Ul ^^' 

? 0.08 g djWJI 4±i5 ^^ lij 27 C C I^-jj j! L^>-: & Sg^fl ji 
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( Ciljlill iSjsJI IJ&j sjlj»]l JjyjJ ) jiiliJI >ill 



^LS 



; i 






io-if jis 



^j J_-rtj Af uMj /I 0*U IjSliwU! H Llji 10-l f Jiili Ji*j . 5d- ■■ 

Of = 4,0 kg/kmol) ^l Jty (7= 5 m») J&JI ^ tyHj 5U - 59 « 

jjuc Lj ( i ) . 0°C t_i DjIjjJl L*jjj 1 atm j-ilUJJl $1$ ^ ^ 

jjj 12 cm ijji JjL ^j#J X ^ i*N £Jj <w ^^i* m j«jJl j* 

1 atm &j j5 Jw & 750 k JJ ^7 U C & i ; tj*l( «ty i-iijl Lju^ . 61 « 
. 53.6 liters Jl 22 liters ^ Jii *I#J Jt ^y*j ty ji &*jj 

J LM ?Ai J s-LcjJf Jl il ji <{j*4ll 'l^fJl ^ j* 

Jj>* JJi iUj* &**» J! p** 4^ fl(j » * <■** o-Uj 1 m 4Jjk ^j> ty^ ^ fid o±fl - 62 " 
t 300 K & to+Jtl p Ch 106 g > ,#** j-# ftfill 0* lij* . MWf « ifc* 3* W jUU i& 

, Wl£*bUi 4*j*U JiliJI ^LSJI £*p ^ 1«' ■ 260 K j^ f J^JI jl* 15 g Jt j^J* ^l ^1 ^ISj 




10-2f Jii 



\-n 



[ JuW 



K-lm 



10-3f Jii 



20°C £jj> (L^jjj 240 kPa *kw JU* jit Je iS>**i 2,0 liters u*o- <&j J^y ^ l_p* '*&$ c-J*^l - S4 
J^j j^. , 100 kPa Bj ii Li-j 27'C biji y^ ^ te jlill ^ jJ* ^ 8 liters *>** >T 4 

* jUii ^ii wji p u . 23*c Ojij> i^-jj .^«i ^Vi *iu j! jWi 
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, l_iM lipJI 4ili> Jy_> UUJI ^ tf>l Leij>i 

i^jijjjl ^IpJl lj-jj -LaLS LiiOu ij^Ii JjLjJ , UfM lj^43 LLJI -iiiJi j^U laiiU jl lull* _^ oJUli 




* | I L>JI *tfifl 11-1 



.L*ill t&wjl &>4JI pU^i flj>i-1 c^ 1 0- 1 *J' J^ in) ^ y^} 1 ^ 
Ulkll ijlj^Jl L^jj ji UJj k SjljjnJI 5j>jjJ jj*4 J\$# j^4 J! i^L ^jj 
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( ojUJ H^IjjJ! ^(jjj| ) J* ^jbJI J^ill 




: #juii 






(4-10) 



i \ * \ 1 "_ " i 



. ^j%^tijii Jfe = 1 .33 x 10 ZH J/K 

i^Jl ^j . 11 l jiiJL ^jiLS; 3Si\ g U*j^I 1»^>^ (J\ > T 2 ) 

4_>jJ J-J J^ ^ ^j j^ jfc <£jj [ ^J| ju j^iJJ iJiJl ijl^ LfcjJ 5] 

LH^ JjUl Ijj ^ ^ , r 2 j T, &, ^ r 4^Lp ^ Ji JaJL^Jl ijlj^ 
f jUtf ^jWl Ja^l*l o« , JUM tfj*]| ^JJ UuIj oliu>Jl l£j> jilL i^ji, 
:£1-1 J£i »i* j/j , LsiiKllI Uikll uli 2 jLJ! oil}*;! aJWI utlaJl qIj 1 jUJI cj%* 

^— Wrtj { Fj YU > *fc& J ijW ;«-y . ( L^j^ 4-jj u5j3 J% ) SLLJi Js uim Lii*^ o^>il ■,-■■<■ ; 

^JJ *-iM J J>4 tfljMfl 0- 1 <-J Wl si* jij j 1\ > T > T t i* 7 1 Ji£ 1^1 4*jj L*^ ^ ^U Jl 

^ ilhrfii^J-J 0^* lW^ 'J! ^i jS*^ |jj**|| ofj^l (> ijjjj, Jj Jf, tU 

. jjIjaJIj Jj^ U j* Jjjli 1JA Jit J iljLill ijilijl sis 

. ULW JjLj ji U+^ ijj^ ^ k—SteN ,;j^_^fj| - tj i^ Li*jj ojU Ijj 

^ yUjii L^li illi p_^* ^1 ijji^ ^IjSl yu ji Sj> ^ J5 jL-i^- j+j Ijj 

. fii\ %4 Uaj*I jjl^w*. jljjl iUL* 



. (Jylj^JI iilj 1 ^ ^ U jL= ijlj>Jl l>jj -^j JyC «jj i*L i*L*!t ■"■-; -1 Llkj 1 i^jljjf 
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( SjLU 4jj1jjJ! jjsljiJI ) jic JjLsJI J^»iJI 




^Ijjl LIU jl' ( CjJLIU pijJl ) jju^jj Jjj lib , oiyj^iji^ fliiiiL ijl^'l 

(jJtriL^Jl yl +jij — w Lijlj jjjJL^JI _» SJ_>U iLJtljJ L^iL5i ^JJ_*^ m JiL* 

^jiyji m\ 11-2 



i>j_£ cwLS jJ LS JjjjL" jLJl ^ 3ji j£ ,)i y^iil Jy y£j£j£ Uj1*j , »j*L(JLS' 
L^jSJ l^ljjj lSj> LJ'Js LjJ (jjll tit -jl *ijj , JUij h .i* M*jll$ jlkU jjL? 

jjaAiJI /gs jj? Ij* Oj^JUif [lj^ 1 4iUJl ci* £jLi . lijj*** Jj-> IfijiH ^"/*^ 

J! u-JL LjiljjJ i5pjl lilL JLal l >i*j <J ^j . li* lis. juwj ajjJJ JftJJI 
JjL-j 3jUl jjl>i ^_^JL r yill 33UJI $j /jj| JjUl !•■'■<■; . yfiSJll ii'j*JI uli 

- W ^ Ifj 

,Uj^ SjjJi LaiU ^Uu^Ji ^13 ijjljjjjlj yttJti tf>>Jl ^alt Jj oUj 
jjjj ;>u ^wLu£JI ilyljjl j»*jJ I Jui . Hj'.Iua^I liLLJl ti 4JLLJ1 ,> li'Li t^u 

_ SjL _j ^ujA J; "'"'^ ^-^-^ Ijt4^' i +-» *i| J^ ■■ -■■■; J-*>l*Jl JiiJl JViLJ 

LJUs ,> 1 Uj4i LJJJJLLJ ^ J ^ jl i ||jj^J| 4^jljit"Jl 43tLJI lijS^j . ;jjj J^jjj 

, LLljJl J)Ljl*:I ji iJlk^L iL^jJi a^Ji lilLj ^JJi iS^u Ikj^ll ii^aJi 
LfJS^u ^ Sjil! ^^ jU jj oLili o^jji : ,1 Jjj ^ ^ ^w :J ll^ 

LuIjj LiU? Jj jl ) L*1>IJI <5LbJl ,> ijjfc] jj*d jl Jj>jy j_p Lfli I*}* 
ill— 2 Jlu 

^lijjl <iji lUi AJ Jjjl yli )H ^> - ( ^ijWj 

»C^aCI? ^ «*'> ' oljyi "** op J! f u> ** ^ Uj " .^ J 

; 'j,^ij <jl| ! i l j'j>Til L >uw J djjj5 jji) J . «j>j J_jt :jjy j§j3 jl wilu 

^LJ! ^J U* JJi SjUl Jl LsLiJl LjQsJI ^ IJ^Vl Uj*i\ UOs ._u^ 
( Ij-jiC ji£l jUJt oli^i iili' Ui' d Ji ^J* tlL -'■• ■■■ J lliii^j . j+UjUI 

11-4 ul'l fj^jJ =j'/^' *+J J i^ ***^' fli^J^I) ^t-llt tjljjJI Jj* ^jjl Did 
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( SjLU Ajj\j>1\ ^\^i\ ) ^s. ^jbJl ^\ 



f*» J* I j lSj>i\ & Ejjm ^" J J l5j)j J ^ uLili Jjlj*JI $ fi ^j 
cjUjU^J l^j ij+i** Sj^di oSiyJl »ii jj^i lii^LpJl i^%. i, , SjLLi 

wUJ ^1 55UJI ^ ^ . ^lyjl oWlj ijljaJl ^ f U fri d^ 
ULUI ^ ty^l uLUl U . kpj^ ^y JM 1^0 >l jj ^ ^ 

L^» 4JU J US i ^li. Jii Jj, ^j l^ ^ a^ J L. »jU Jj *jl*JI 

SjljjJf Ji Jjjuj ^ p**ll fr ^Jj aAi } . ^ p jji^i j,ijj ^ ^ 

. l»j\j* iiUs Jj iJLall 

, oLi^lj oljiJJ Lil^l tfyJL ik^;i <J-LbJ I ^ ^jljaJI ijiyi 
UUi Jl ^Sl v^l J Jj*E Mil JJ <ltUJl 3jlj>Jl ol ^*^UL jaljJI |>j 

i^ljj ^c LiLw LUui SjljjJI L-.ljj o*;tf^ ^UJI ^1 LLp JJ 
dj-Hfjt l**L^ j^>*^ l/^AJI ^tf o/J! <-Ui uJ oUylJiJ^ jij , IS^iUyi 
uLi , Sjlj^fl jjj3j ^Lldl JiiJl ^ iijj U^ j^ ^ -l^ ^ jji 

JJj J_jj . ^i Ul J^ iUJi Ji^ jli, »aj) ; ;>v ui ijj> ^jj i 

pU^^I ^^ %JLUf ^ jy*i U>UI ^L^l jij ( jjiyji Jl^l 
yL^ Jju ( jjL ^L ^.L- ^. ^^ Ijfj . <Ji jyj^} ^ ^jji s^gjj 

■ ^j'j* ^ J J} 1 ^ ii JJ 4l« -^j J>yi JJ i>^LJi ^i ^ ij^i 
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( uUil lij\j>i\ lm?I_jjJI ) ji* jjWI JjiJI 







VjljiJl LilLlI ,)j-£ aA_4j . tiji: Lvl^ij. i_S^» o*ijJ! Jbh& jJs_ Jj 
^ JLSs»1IIj Lfc^jll ^Ly! UL1JI jjlji jl t^u> JjiUl ^ . LiLtfl 



Jii lijJii . ^ ; i jj y'X Jl Ai uJi 
J3J — ill IM fr ij^AS jiiJl ffc 
*— * 'j mi*.! uiuij (jj^jti j jsJl 
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( 5jUU KjjI^JI ^\^\ ) j* jjbJI j^| 



tjj*l\ ijujja : tL^I J oLJiL* 



ji ^i &J jj ^yi ^j . i^Ll u^ij iU)i ^j ^Mf< ^i ^ ikij sjj^jij Sji^L ^l^i ^ 
SjL 1| ^ U ijl^Ji £,1 ^^ ^i j4iH ^ i^ , ay i jj j^| .^j jj j^, ^ iyu _ j^j, ^ 

C^A ■ >^ ^ ^ ^^ J ! j> ji ^! j^ fJ «Wi ^ &i ■#« ijljJi jb ^Utfjl $% Jijii & Uj# 
i^BHj i ( d^Jtiii ) ^m ijij*}i jlji ^ ^ j^i ; iji^jj aia^U 6 hju ^ du ^ 

, uUl oU^J Ijjlpfll SfyJl ^ JJjJi J ^ ^ ^ jj , ^h ,[^| ^ ^i ^ y| ^ 

^ (>UJI JyiJI J}U> *# d) JJj ( L^a. jl ^ tstf ^Jl ^Ui ^1 jj j& *M hpi\ jj* ^jj 

. IjjJud-fl jJ^fj L^****J ')^*J' 

^ jsli *iSIj , SjLI! jj 5^ ^i^L i^l -,! ( 2) , gjtWI jl ji JiUI jl f L^Vl ^ jl y ^| ^ 
dLj^LSU ^jjfill jSUjIIj yiijlj gj^ ,1^ o[j iu ^eCBH yiUl ^ till +u£y ^ i^l iijj ^ . Ui 

^J 5_^5 o" jU SjUI Jtii, j j||j ■ ^ J^LU1 ^ fi ^U! ijSs ^^ ij lia . ( o/l IfLji J^i jbuj J C jliCJtl 

, UL^I jbljjjjl ^ jjiJt j±M "JjU, rtjWI 
Cm j^i i**S jJ* JjW i^-Ul r L^-^ , LLi Sj*Ul jii^Ji i.j^jj;^ ^0 ±p ^^ j 
l^S ijLj, U^ jl r L^Sl ^y*^ j^ii ^1 L^ , U* Jji l^ jl SjjUl r W^l jjW Iuj ; ^L^l 
i^jj ^UJjl ^j , ^1 ^|> jj ^\^-i h&itfj&ijitp.tfl Jib j| 4,L-fl ^ ^i ^ tym 
J ^ij^Ji jl^;l jli Ji^ , i^m JM J^LOJI ^- j^Ji JJ4 j -y isji i^ ^i 3j yi ^^j j w 5j i^j| 
l^til) jiL^Jl IjJ JJ jj L^s jfjjjj , jl^ili LWJ jit H5L* jjLj jljjj ^l ^ J^lfli i^£ ^ »^ ^j 
Jl^il jJ UI , jt^^l ii^ JJjjj t i^LF ^ ^IjoJiii*; ^l yil^H ^p Jr ^| t^jj^ ,1,^ ^jl^j 

: ^j :M ^ ^iw Jj iLjjILSH ^^ i)^L JL^^ ^julji^l ^|j ^LS| i^fci oULJsu jiL juJj ^]. 
ijljjji Ui . tyyd L^jj ^ of^iUL ^j^^^JI ^LiJI k^ ii> t ^^ixJl %ll£llj ^lill %jifll 
•*^ U«ll »i* J oljiJI ^ a^bJl Ji j^k $up&\ yL UjU: ^i ji* o^is ^ J^ lj^ LUjl! 
;^ iLjj|[£Ji J^>i jl , ^JWl ^^i J^i ^U ^ llLj ^1 ^^ t ^.L^ iL^K Jj ^^^ ^b ^ 
. jU^'J . l^ ,*^ JJj L jjUii ji ^u Sji^i J r - ^ iii Ji5 . *i<t£ii J l-^*Ji ijji jj ^(j 
t kwJI «jb}i hU\ CjUjj* l^jj ^Uijl ^ Lj*J ji! i^b* ijLj , UJ| jjU! ^ ^^.^Jf iWffll 



s *! 






( pjUU ^jl>»JI LplyJl ) ji* JjW j««j^ 



i JjQl ijj Lfj^**]! Jj^jj(Jl£3l jjju jLsitl JuLAll J wyi yi^J (jl^UJl ib&> ^j* 'J^' J^ j^' 1**»*J' j'jji U,uaJ 
, Ls-pjJ-jj] iLjJIDI jj i£i L jjLjj -1> i*l ILkS jj d_iLLI JjU* **jJ J^j o' p^ '^j 
jj t^Sji LlU* L*j*s* d^jjJUJl 4^J *j»-U u* tjj-i"--. Jjji*j ^j5 »^ jX^-J'j ' by+*t^ i^^u j^i**' y^ 
j.Lc ^_J u^ji i_iSL LjliL j^+i uU wi i!m> t Ljjji jl lij^i gj-nji jjli 1775 pLe jii . ji* ^lill ^1 LI+; 

Jji-ll jiiLijll J-LiJl 0^ ^j *J&* ^^ # ■"■ "."' j^ -j^ 1 1> ■^■ 1 * JI J*^ 1 (i * ^j*' ' *frw ^i J| 

jj yjLfcSJI oL& Sj^i ^jLJjjjj , .JjljjJl JLjJI jjj ^W W^ f^ j^ 1 VjW^ 1 LW Jj^j lJ/? 1 ^^ 
cuUi . tSjjiJI JjjJJi jlJLc *U, ojj ^ iJjJtf IflU* 1 ojjLJlj L&.UI ^Li**JI 0- OjjJI j* 3j til u"^ aJjUj 

iljl_j ^jl iijJl juL i ijjiuJIi iiftJijjij U^j , Jim LfJ UnAy "if ijjjJI i*JOt ijU |> ililJ CwmJj *^>*Jl ^j*J' 

jjJjjj ^L^l JAJI te ^ jjlfiji ouii ^ Jji(1889 - 1818) J^* c^ Lr -^ j^^l ^l^DI jlS 

'Jj , 1849 *U Jj_ji— Si ji Jjlj_>U j^tiil" ^JISJI uUi Jj* ^ci jjj . till l_JZ tffii Li^ljJI dJ c^M 

s jju Lui (jJJi j J:? J i i^wjb ^Uj ljLiII Jj ^ AJLJ1 ^Lltlllj |iJmJI jjjjLO* 5* Jje ^ U <JJ .^ yl U ^ 

JLi r J"; ( jJ^Jjj lJjL* ^iij*^l jPUij^ 1 ^J^J ( Oj^' ^ ^J !i * ■ b^J j* f^ 1 J^j jpi ^ fj 
L£i»l«jJ) JjSl j«UU (L-ilaJl ^ilfJl j^LII ^_fi (iJJi jLbJI ^jbil 5J* 1847 ^U JJiy J>-j . JjSf' Jp y ; W^ 

ij^'.tc^i i Ljj ,ji ^j jx^ii j^> i LJU; Jjjb j^'l jji: ^Jlj i 1 kilocalode = 4184 M.ffi <■ jjlj^JJ jiJ&ii 

. Jj^JI |wil ji* . ^ 3i>yi ^ ^uJ! j]k| oi JJJ V^ ^ ■ *A-5$i 



ijl^JI ^Ij>j 11-3 



l+*\Ji\ UpJ>j i ( U 1 UlJsJl j^f ,> O^jj- *<)Jj*ll ^i^ij SjljtJ-Jl 6l dy> 
^ ijijsJi ^Lja) jjil jjL>j JL1* liLi Sj ^jj . J>»Ji J* SI fl&Jl ji 

i ^j J* I^u5 J**1jJ CjJIjU Cjlo>yi &L» |)Tf l^ij . uUaJI i> ijjrf Pj!j>ll j' 

Lj+S jji jj yi^ij ^Ji\ uJLjj^OJlj i Ccal) j*— J! j> iilj*yi aia Jjl 
. ITCJ DA>1j ^jJiW l».jj *Ql 0* j*Ij »l^ i;lr" ^j j ft ^i^ 1 5 jW 
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( SjLU itjIjaJt ^\yj\ ) jb jjbJI J^ 



v^ mj ■ jj-Ij (kcal) j^-jJLi ji . 1000 cal ^Ui ^liiJi ,-Jl LI 
u*J ^1 J^lj i {Btu) u ^ j iul^jjl irfjljjl i^| ^ j^i 

ji^ «ui jj a>Ij iijL ijij* Lf.j,> ^ lijsn Sjijjji J^4 l^! |j ;j>j]i 
oUli 4^ J^ cij—^j 1 " flJ * «IUI i> ojw ijljiJl o' ^ o' m>j 

oii>jii j-j*sj ^i^l-[ ^ jjjij t iji^ ^byi yini ^ ^ 

IuUm^i i^jlpJI iikjjHj (cal) j^Jl J^ ^ . p%* J| h^\ hjij^\ 

: J>*JI UTfj^ (Btu) 
1* eiil= 4,184 J 
1 Btu = 10S4 J 

iisjUl OjLpJI <UJ li-4 



^itJj i OL*jj*J i^ljiJI iilkJl J^J ftj ILU ,_^ Li f«* Ojlj* l>jj rfjl ^5J 

6-t yLJj yL ijljjjf ^UJL Jli jakLj tut* L *«% jjjj Lijji Ijl * JiEbj 

JyJlj £^»J1 0UItf ui^j Lu£u ^j , fcjjj jJSl >T ^ JJ f**]! I JA 

p 

. p^fJl ijl^a, l>jj jjjiJ L^yjl Jjl^l iuf o^ju u^u &5 Lksj si* 

**J J >* tf 1 * 3jL11 6* «££" »J>j Jl jl $i -Li* ji l*j ^ill ;_>!^J! ^ Jj*; 
. "jLJ UJi i^i^i ^ji g Ij^Ij J^j ^ Lp j!jJt 

J)- i wUl ^. m U^ Utf Jl Q tjy^\ ^ ^ jfca Lie , Jj Ju: 4ig 
: vJsjjJwJI c>* : ljJ| . AT jiJ^ i L ^Lm+j iM si* "_,ij> "j^ .£p 

'. ■(jlji [ Wi t i <it> 

<3-™aT (ii-i) 

1 Cnt/if,C n = 4184 J/k K .C ; 



J] jL-i; ijLjJI ^i ^ J_^iU ^jU (jLi)'! ^j IjU Jj i£lHI ijlj^l i^J Q ^1 Jljj ■ 

jifu}\ jy iT>jli Li , l+^jl* ijiyJi lin ijiii ji jq Jij yL ^ a;tf ijj L.i , lui 
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( uU) i^l^JI >-ij>Ji } ji* jjI>j! j*iJI 



c = 1.000 cal/g.C w (ji h>i . ijil ^ ^>JyJl c ^ 11 1 JjjgjJl J^ 

j 
, OjjJl ^>jJ > l_ ■Jiii Jjjli Jj-LjJL iQjuJ' mAj! !jl jlj2pl ji*j t - j£Jj t ijljj^l 4*>J 

Lii li_jjLji J Li+£ JJ »L_L*J will ^1 jiiij ijji Sjiii" 5 IiJ c£& IJJ 4J!l»!sLj 

Jj^JLtf ol^*5 wU' uduuJ Lji* ji-ji _)li^4 ji*^ J 7 will )jlj> i>jj (jl .Jim 
ijl jH-JjSJ a' LjuIa; 11-2 *j_%JI -i 4_JLiJUj J^i Li J* *luj . tjlj^JI !> l^^i 
4L—JI oljlill Ut> jJ Lu jiil a-iidl iiiLL^Jl lib liljlAl) L^jUl ijlj*JI 

1 LJiljJl LJUJl flj*jl ^* JLtJwJl <>jj pjli i-aljl »j.1j^JI tji JJi , ijjil ojL*( 

. jit JIjJI Jjil! J iUaii LisliiL tljUi Jj~. Li liij 
jl^ll ji*J ijjtjjJl lull : 11-1 Jjif 



, c y/^.c°) 


Hmllg.C?) 


Mil 


4184 


1.000 


■■u 


3470 


0,83 


{jUiJfi JV**> 


2300 


0,66 


( Jyiy ) J&\ V 


2100 


0,61 


ftH& 


2100 


0,50 


TO jjj 


1920 


0,46 


fMftC^ 


880 


0.21 


/,^' 


600 


0.1G 


sfe 


460 


0.11 


Jji> 


390 


0.093 


^Ul 


140 


0,033 


#j 


130 


0.031 


JsLij 



*wJ| CJjJJ jit 



: 11-1 JH* 

jl 18.0 n C ^ iLli ^ 400 g '( 1 ) ijlj* i*jj >LJ Lj^Ul tyjM! lp$ ^ L. 
! 18.0X Jl 23.0T, fr ^L>UJ1 > 400 R ( v j ? 3&W3 



! ^iituijVliiuill 

« ijljsJl I^jj ji>u]lj oLiii 3jlyJl *i*S j-'isWi j* l» : Jlj* 
: ^syjl Ljjjlj*^ will <t£ ^ iW-Jl wa J^*3 ; oL>Vl 



Q = cm AT 
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( SjLII IfJyA u*lj*JI ) ji* JjI>JI J4HI 



LujJj . Q j m ^ Ji iljj-j £_, ijiyJl jjljjJl olj*j jto ijl s_l^ : Ll>]N 

. *U*yi si^J jljUUi 11-1 J^jt 

<? = U.UO cal/g . C ? K400 K )(+S.0O C°) = SUOQ ral ( i ) 

! SI ol.A>Ji jijjvrfLj, 
f? = (4134 J/kg , C"XO,400 ktff+G.DD C 5 } ? 8370 J 

: ^L>JJ ^3) bjl^i y Lm c ^ij , if = -5.00 IT J A>^ j^j 
Q = (.0.093 cal/g , C)(400 g)(-5.00 C) - -190 cal = -780 J 

(V) »/*" ir*J ' ( ^>« ^ ijUj } »W J! UL*. i>jlj*ll ()j& ( f) »>ff (/ 

j_» 4j*S' LJj Jliu ^LviJl ^ 700 g liji LAI LiL^Jl |,t>*Jl t>,j &s : jjjJ 
. 17.5T, : ^1 , 16.0 U C ^ Lvjl_>> WjJ oil* |j| 400 J UJ LUll 



j^]!ejlj>j^! 11-5 




jjjj Jil— Jl ilijj* o 1 cj^ 1 i> , L JiL jioju L»jid ijjy L> ^1 jisLJ 
ulj wJL^I ju ) . Li j-> Jl o^5 UjLa* 4_a>jLsJ ^^ ^jmJI I^mj Jb 
^ju^ J^LJl ^U jle 3jj*jll il^JI Jl li^bi Ijlj , ( CWI tfl^ w^fe 
i ^j . ^L-J! ^li uljll uUl Jl Vj *JI ^k-3 "if l+i* ^JuJI v^JWl J 
Ixj* ij^tf Otis ilii>JI iJi ^ JJill y^& <y io*j i, oljWl iJU i Li 
u&j; wJJjJ cjylli . 10-6 <^JI ji }U^ yijy L* Ijjij : 4jjIj*JI 35j*JI -_.u_j ._j 
Jl iltUJI _JWI g_, JJL _J^__, JiUI -U <> oli^Jl si* J^ v ^j J 
. juajuJI jl jiiulJL Lipjl sa* jjtaJj . ijjUJl UbJl 
tSjJi dJi «# i -LJI jp Vjrf ; ^1 Ua^j ^ UU> 0^1 jJUi ^ <Jjjj 

LA t ijlj_»Jl L>jJ ^1 ^} : J**& $*£> J*i 0' 'v L ^ *-[j>Jl J^^ 1 Mf 
Oy>JI JJ; jj_ uiiJ JJ Lbj j j Aj Ij£aj , olLliJ: Ji' ^ 4JLLJ j^Uj . J*J 



:ll-3 JU 



J5LJI ^ > ^rf jl JiUI ^Li,)*] j^jt (jl Ol J-iUl 0^ JJ3 . J> 4i* 

JJ_jJ| yaiji^J (JjjjJ AJ£ ^jjU-li jjdlj 1 JJjJ LjjlUl iilLJl 4±A Jl^i . ~<L*fil\ AjIIJLj Lj^J iJjJj-aJl ;> 0J 5 
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( wWJ i>j\j*l\ ^\^i\ ) ji* ^jWI jrtill 



jLiJlAii* 



^jLWl jjDl jl JiUl jjkJI ji bill jh IMJI ij*j Jjj^oJ Ktpi\ tiiyi ^j 

. ijtii db tH^) j*»^j ijij*i ( jjuh ) 



Q-mH 



( ll-2) 



jj- JLLJ1 jjJJI jl jjUJl jjJJi $, ijUl |> iJjiJI 3^-j Ji£; Liiij 
j^yJ // u iJ 11-2 jjjjjl -Jijjj i 5jU' jj iJUJI (> LuiJl 3i6 yjU jJUi 



Hi 



R u c^litWl jl**flliUfo 



m 



kJ/kg caUf> kJIkg caltg (°C) 



ro 



1.25 


5.2 


5:0 


ft 


-3G9 


270 


3.3 


13.3 


Gl 


210 


-183 


-21ft 


n 1 


25.5 


48 


SOO 


-196 


210 


25 


106 


204 


854 


7H 


"114 ( Ji 


U 


11.7 


m 


270 


857 


-39 


30 


335 


539 


2260 


ISO 





5.S 


23 


2C5 


ess 


1750 


357 


96 


397 


2520 


10500 


2450 


660 


15.4 


64 


377 


15S0 


26S0 


1063 


4tf 


205 


1150 


4810 


2G9G 


1063 



* } ^ 



lalm ijJ 



Jii 



&r> fll/Jffl &*k JSjII IJ* Ji* ^ . 11-3 JiiJLi ^ilK jUi *iij J ij&u 

L»jJ frjLjj^ jljj^f jli^Jl JaAJ ijli jiMj j , JjUO ( tfjlWl LLiJI ji ) jUaJl 

? IJLI . ijlyjj! 
:ll-4 jLi jjjL" Clio ^J*kj JaL ^li*j m&i t-tSj ^ JiL Q* L*5' (jgjj /,< ^1 ^xJ 

L^j.y ^ LfldiJ xilLlI (> Lib' ■Uii' CiliaUJl jj ^h^n -.■ ■■ <r " tf j*'j 
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■ 



( ijUlI Vjlj^Jl jtfljiJl ) fit jjUJi J#iJI 



\jm> j>fu JjJuij i JjLJI J>lj t t_j*J jl t JL> J4> jj&j JJj^j . ,jjMjJI 
QjjJl jij-V.j , 4l>lj jIa^II JjuLtf JUJj^ « jjij i ijJSJl Jl JJUI ijj oLV^Jl 

<>jj Jj^t jliJl luLsJ ^jLui liJ j! jlll J_>Ij jLkJj kjLi J-hj /.i ;£*. 
IjjjLo L-dUi JibliJl ^jii_i Liiil+ 4jlj*Jl l*jj L^tf Ijti , JibJ< lj\j> 

Ijj Lil , JJLJI t&l** -At <ji_sji i*jJi jjjLj cuvj 4iLJjj s jt*j JJ j jij Lu 

j_j ji5l Ljjj i IjwS t^JUJl Jib JwLaJl iij5y lJj»*J 4jujj* SjljjJl 1>jJ cuiU 

y^ujjj kij^v L!L>JI oJut _ji , Li^jJl LlLaJI jjjJLO tfuli JJUI J>b LljJ' 
jj_J _i i jL3kJL JiiLt iilii ^"j'I ^ul ji)l * u-jaIII Jilj luLJl J SjLijJl 
i^J^« jj jAjiJl jJijij i LcliiJl jJj: SjJUl jJJsJl fyJ jjJb cuuj , LtlSiJl 
jJl Sj*UsJl jjbj ^ j_*iw} JjLJI Jb_* Jj Lsl*iJl AJJjJ J^* i olij>1l 

^jj Ljjs <-}->>■ <A[> J] Jb-Aj JJLJI J ifjJ ijijjj , oLOWl *-L L>ijju 
j j-^fJi IajuJI ju JJUI jL>v JmL£ i5jLi j£J tiili' i^jjj <JL* Jjij>Jl <L>jJ 

lJj-h-j kf* JJLJl J>|j yi3» jLUL ll-ilil ulileliili ^jiiiZi ii-iiij , 4jJa_ jjj 

li «.<rl1 *_s L»Uj jLiJl kJw LajI: JjUuj jjJl SjI jJI i»>J .lit JjUI JJu 

. JJUI > j^jM 

1 J Ujj i iUl <)L> ji 101 kPa tfjUi 100 U C <*jj & jUJl LU ji <^>j 
jj jj^Jl U*H &Slj . 100°C 4*^j irf JjU jLm iUi o!» i L atm * 101 kPa 
dIj Jl* ji p-LLI ^ ^ilj 1 LL 80 kPa JJ J^ tf ,£* ^Ull yL^JI jLLUI 
Ojj*il JJl^Jl >u jUi Jsi; 11-2 Jijj»JI JjUjj lit . 94"C jly- jJ^ jJjLUI 
:lt-fi jti Jjjjj jj, utli ^Ui yj; ^LLj . ( P a - 101 kPa ) jLJ.1 jj*ll LLill w 
k.tjjt uA^-iJC' T, ^jj Jit 11_5 J^ 5 -; 6#*I-S j^ J* J-**j ^ yUj ^>LuJI Jji»; v i iiii^ tL>j 

Lk> f-**j> ■■ jrf3yjJl jJ>jj »IjJkjL«iL ijjAt JaArfj ju^ JJUI jLli <LiL jL^'ij 
LjuoJI ±j& 4_fJkll jLU.il 5^jj J^ J~i^>J Jw ^"il j^J' (if iM fA>& 

j^iiJi j^ JjJj k jjWI j^ ^^ u Jtii jLJiJi o^ /^^ jj^ 1 i>j ■ t y* l! 

. ^WJI 

ol Jl SjUI ijljj- L>jj jj_ij V l^ik-jljj iJJjiW ji SjLII Jl oLdil SjIjaII 
*Lll j_. jjj ^l>j djll Jfcil L* IJli . ^J^JI jjWI Jj l^Jfilf 4j*iJI jjfc ^«M 

p 

i>J tj'jjJi <L>jj j^Jj i uit ji^i j&v *ui jUi ^jj-'j Jj^ Ji o!» i^ f 
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jji>*Jli»)i 



( wUU hjj>i\ juljiJl ) J* jjUJI >tf! 



Uyt'l Jjtij jj>ju jl* JJ J1L ;> will jt jjsAl 1 ii>Lall Jjlysl! j! Jj . Wjj 

, 11-2 UjLmJJ Uj will jamI *jl^*j 




jlfrfuVI iijlj>jjL^flj^1 ll-G 



jL^aVjl Jjij , j—Lill Jj-^' i-iAll ciXi V C hfji Jit Jil! °'j>^ -rf^ 
j^-jJ* , oUuj^Jl ^u UjLuII 4_u*Il i_ijL*iJl s jl ilwlu Lf^^t .J -^j-^' 

1 1 1 1" •£ - >■■*; 3 - 1 ' ^; lAxJl uJ^LlI lj— ft jj il/Uu/hS'' *j*Jj l)' *— *^i Bj^iyi 

, ojlj^> tu* Jjs iilkJI ai^.i ojLII jjl\j jjUj i 1)Uj JJ ^bUJ UmJI 4JJ4 , Lkw 

djLII uj ij-ili kJ*JI JJ Jiii J»# Jjl^»JI cJ^i Is lj(j . c^m ijlj* l*_jj 

, u^fljj-Lll ■ \+* jlj aii iij /jl Jl iLti SjJjaJl iL»jj JL; lJj-i JJI-Jjj ^tjjM 1 

jjAj <jA^ lajrfjjJ <_l>^ ^jj^yi wW jf»aJj [T&j i "W^ jU^>' ^ wl* J^J 

j*-J JPUii ^jJJ! JJ ^Ui jjUl ,> Utfll Sj»j jt j#K! l*j>U< jjlyhJI L** 

, (Wy) wlil jlfjul ijlj* 

^ = mH ; (11-3.) 

j>*SJ Ju JiLJI j a LJ I Jj vJ_Ji jJjJi jj ijLLI .j£ JJbiJi Sj>j J*?JJ U^j 

. Lj_ UjL j 'j-ii jaL uaj-' 

^il 11-2 Jj^l Hijy i S3G kJ/kg (80 cal/g) ^U *Ui jL^I Sjl^j 

v !jU . J^Vl 
J^Ltf _jj Ij-Aj ; kjuiJI Bil^ji ^iijj lJ^*> jLf*"i[ i '4ii* i J yli Uj*»j aii J-&J 

E C 

oljt jjj [ o**jJI jL: JJ4JJ i %4 tlilf ; jljll ^ )Ui Ct^j , J*^^ Jl ^' f^ 
/,Li JJjJ . jlj_Ll b±J> J_L Ax^j ^Jub L >*Ujvl Jj iuuaJI JjLjj JJJ3 vij- HWI 
jjul _ij , Civj -rdl!! jL(_yaJf v 1 *-^ ^J ^' J* J 1 ^ jjf^ ff^' J^ r^j^' ^" 
j>1^ , till j>, jJj ^ ^*iH -1311 ^ UjiiJl ^ UJji* ^JjjlLI jj^! 4JUII 
jiH j*>*li jjj ' o. l lil jlfjjl tJ J>jj j^-^ ^ ijL*juj,"5llj J^LJl Ij* iti>M< 
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( hUii JjjIjaII ^\^\ ) jU jjbJI ^M 




llll) -SO ■$ -jo -M p 




j-iuiJI LT jiii 



-20 -is -io -j o s te a m 
tu 



=11-0 jti 

iX£&t#£3 ^ ^ 1W ^ •»*• ' **"> *-" ^ ** « * 

wiA^Jl £jj . L^jfc %s — .Ij ^j-£ il_u*ill iii ^Li : kwJl J* Lc^tl? IjL*1pI 

i iu j^jfli j^i ^ui l js^ji jjj*] ji^Ki ^ ^ i u* &*yju 

jL£T ^UoJl ^.bvL, Li^i 11-6 Jiill ^uiLj Ijji i jjU! ^ ^IwOl [j»j 
^j>>J! ^i* kill I f* ^ jwfll ,fcJBA>1 : {j Hj £l\ aJi J^ *Ul &, 

IttSlI ol#Wll U& ^fo 5o>!j U£ JjL, JSJ yi JiS 11-6 JiiJI -Jjjj 
iOJjl (> Ij-ijS Ujj J-U jjJl Uuli alji . SjLJJ Wi>JI jl^l ty iUill 

j-JIj^! jLi j Kj £JI jj-ii ^Li ill» ji Ui i fO,006 atm) 4.5y torr iuJJIj 

. 5.11 atm j -56.6*C txi Li^l Il^l 
kij* jLS ijj ^ Jjj» ^ ^ ^Ul i,i 11-6 JUJI ^ Jjj gi U^-j 
gJU- AS jLUiJi ^yjL^j i bU] IJMII Uii]l jj kiJJl ^ Jii U\l\ Js. 
frl/h j^i ^U ji fJLy U£_j . ^jUl j^l ^Uj Oil ^L; jjd 
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( ijUU ^jlyJl i>?1jjJI ) jiif jjWI J^l 



aJ* kiJJl <j_t i^Jii' Jii 1 atm &H JUjj i jUaII i£j*ll luwJI ji* jiUsj 
JiUI JjUl JJ COj J^j Jj*s ^li illi jk *L^ , SjUI oi^J IjftUJl Uttll 
<Jjjj Lht JajOj^ ^LjJI jl JjL til^iJI Jj , 5.11 atm ^ LLall djU iULu 
j4— "1^1 lt^j'^ 0*^/* j**^'j jLtf-«J"jl u' US UUj * j^LjwJI *jl_^* >^l> 



11-1 j>^fiy Jli* 

4_>jj jlj£ JjL, Jl jUhj ^j L$Jj>3 Jugs (u) ? 0"C l^jj JJ£ JjJJI j^JJl 

r ioo^c 

; jj] , 4JHJi t> wfy La ,i iui' l^ii jj*B m iiiiDl ^yiL" L^if ( I ) 
$ = mll f = (50 gXSO ralfe) = 4000 col - 16,700 J 

: 4j1*j m/f^ jjLJ Lfii£ jis jLc ^ m L»jji UK ^i &jj*jil Ojl^aJl iu& (u) 
Q = mtf,, = (50 jjX539 cal/g) = 27,000 cal = 113,000 J 

UjiilL ijij^i ^ ijjjj vii uj ^ *u ji jiij <> jjjiJi J^ji ^1 M 

. X jl .L ^ tfjjkll Jj*iL 
, 327°C UjJ i-i* j*L»j)l frr 500 g ^J X»0 ijl^Jl 4^^* U j ^ 

. 4.2&X10SJ :U^I 



( 'kj*Hj$&\ ) Sjl^JI i«5 ^\J 11-7 



, kj>JI k^ Jl ^i Ifcjj jl L^u ^^.J j' DjfjJ-JI ajlaJLJ "j i*>j L-jl^ Yi jljj 
jUJlj lii>I JjJI «5U] ^iiJ.1 t^UJl J^L gMjll ^UjJl jloaJl J!JL> j^l 

^1* ijbii ijjj li-ii j; ii-9 iij^j! ^j ^ J^j , jjjIjl?ji ^ jj^jii 

■ 

. j* ■■■!' ._S b§-^ ull>j tjy> tiL>jJ ^IJ t*il *\ ^ J ' ,J ^-^! LL' u*./*1 
4_^jJ ^ Jl I+IJ4* J*aJ £i J] Lpjj UJ OjljpJI iii^Jl Jji^i jj- j'jll fri* 

L#_^ ^ ulLII ^i Li^j . jijljjjl oljjY, 3JU Ji J-: o 1 JJ J 1 « 'j^ 1 
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( UWJ ^j!_h>JI ^|jfc!| ) j^ ^jbJI JjjJI 



1/tj-sJl oL^j * Lt^-j* ptjja L_^Ui SjljjJI cU£ $1 Lj^el jjj ; 1I5, 

, IjLo jjL; jj^ji Jiij i^l^Jl o'jljuii t44^ 
JWj Jj3*1I f iyj ysii iitkJi : j^ J* >i VJ U jUi ii, u^ ^ 

<*jj JJ T 6 *_iilji>l Sjlj^ L»-jj ,>. m Ujjj 4JU^ Sj|j> t^j ^^ lil . 1 

Sj^ill ji s^oSK y^i ^ i ^ 11-1 ujlji ji , f f m^ " Bj u 



11-7 js^ 

HJLafl ,1433 JiU J l+a tJJ Jjijj 

(fiM> i )>tft'4U lf ]|UJ|,) H ri 

(kt$dl ijj^ ^JJ ^ JiJ»j . 7 1 

1 ,1, ' ' ' i tij- JJJ JiLi . Ijli. ijLJl ja^J 




LbUll yj^li fi | 11-2 JjjUli j^i; . bUl ^ m Uji *Jtf jLpJi jit . a 
OjnSS iljl,Jll IjIj-aJl ,jp jji^JI UU ^J Ul : Qf = +mN ( jjL^J 

jyL" liUil jjj^Ji ji n^ ^JjL*|| ^ t „ t ^j km ^ jjj5 ^ ^ _ 3 

ifjiyjj Ijlil tyj* l>jj ^UjjL iLxjjii yyji ^ 11.7 j&ji ^^j 
t^Jli jji^ii j j^jj j^*l Jtog ^ j4 jj! SjtjWI J u*i*^j . iy^yi 
Uij . J3UI tUJ UL* ^J l^j^ ^ Uili- . Jliil J^ Jt , p.ui ^ JijJ 

j^j; tUi] wUi ik^ij; Mjiiii ji i^i i^i J ijyl ji»L , iLUf lasSUi 



-412- 



( bjUJU i^yJi ^ij*Jl ) y* jjUJi >ill 






: 11-2 JIU 

i M Jill LLtf jj L. , 9ST 3L*jj .Li* ijfjJI £h 200 & J* lM t$J&N 
>! <' 60 n C J! i^l ijlj* <»jj >* ^S L^iLi! f ;^H i 0°C ^ o- ji 

, at. j a jv.l"...i 

iLidiiJi L^jjij> yl jLxfci j-£« ■■ fc Ul ^ LijLI ^■iu ii*4iJl |^l i^jjijj , 38 n C 
ijl^hJI M uU*J Uptg oil l*li Ji U jJjh Jjy . c = 1 -0 cafelg . G3 

. JJ}1 UiS' V L^ 
V Jjfj^l ijjk Jill ■ _ ■ ■■*■ L^If i^>j IjLi : Jlj-. 

r 

. (11-7 J£i ) 4;jlj> L^jj jtij Jj jj'j>JJ tijLaLii i^jjj| J_^ 1 JIL* *U J] 

? J3JI i^ Jjij> <*jj ji Jj : JTIJ-r 

. fifl'C 

* tlilj Jill Uijtij UuLJI ijlyJJ ^y j^Jl J* Li ; Jlj-i 
lUJI ijl^Jl = Qp m = Mh f + cMWQ - D C) : ffof 

: j S^aJI ikJij Sj^aI! JfjIjuJl tj#$;*lA5lLuf!jJ*Jl 
Q Mt = (1.0 caVg . CX200 gX-38 C J ) = -7600 cal 

I JjJI ik»lij L„Jj"il IjlpJl liiii : Uiil! lib jCuujj 

Q (ain = M(80 cal/g) +JWL0 caL/g - C^K+60 C n ) = 7600 ceJ 

i^S dip^ jU^'i'l fli t*^ , 54,3 g ^jLj M ^i j*L, 5JLUI *JjU11 >^j 

Ltjjj ijlj^ iii+UG L^ 1 jjljjjl ^ (54.3 gKSO al/g) - 4344 cal Ujji 

, 60X jl ^1 ^ \Jjt Ujj rfj J MM cd 

. LSJ 40 £ «Ull Jill lu£ .i*;^ IjI iijLiiJI jjlyJI i>jj si»jl ; ijj/j 

, 68^0 : ^^1 
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( SjUIJ AjjIjjJI udlpJl ) jit tjjUJf J^itl 



: Q-3 JU- 
JU •_-* ^j 100 U C Lfjjlj> UjJj 80.0 g I^jUS >Jj > ofcj oteJ 
! c m jjilj Vy*« yj*» j* U . 18.0'C i^j j^ o^jJi ^ 400 g ^ jji*, 

. cuUJ e = 0.65U cal/g , C 

? tfLJl oi* ji ^lj?JI o^l *jj L : Jljp 

^ij Jj 18,0°C ^ ^jI^j. l>jj jjij tUjl jjijjJi L^ yj£ ojjJI t-tjoi Jt-ij 
jjj ^L-^ S^itS 4iLj,l otLJI obLJL t 23. 1 C C ^ij lyl^! jjiyJi b.jj 

, Sj^jJl $, L,ili 
V ii^Jb JSjII II* jl* j^' ^1 UjUI ^ U : Jlj* 

• ■ * 

(80.0 g)(e Si K-76.9 (?) + C4Q0 gXO.650 caJ>g . CM1Q CM = 

-Cfil50y,C p )p m + 1330 cal = (J 

e B = 0.216 cal/g . C u Jfe >*J c M JJ ^JL frUil aia J*y 



; 11-4 JU* 

ji*- j^ l}l . 20 U C L*jj J_ie jjijJI jj 500 g jlc j«S j^L^j «bj ^^ 
j***J ^J jLkJI *ij*i^ jill ^jJl ^* Us l ^1 J 70 W Ojji jib^ 
jj l*J5 dJb^-j i^b^l Sjj^JI jj| ^jjij UJI ill* J-jI J jtSjjH &i 30 g 



1 



v . jjty I & iJO % fi$ tipi 5JW 4iS v LiJ \ji « .$l| ^CUl ^ U : Jl^, 
. j**^U UjL£I &jW(j libit l*jjj jjjjJ i^ejill 3_)'j>Jl Oyu utft ; vW 

Jjii oyWl L»-jj j] ( 500 a ) l+JS JjuJJI ipi ^yi^; ^i ^ ; LUVI 
SO g ^i^Sl L*j^Jl Luiikli ^jaJLj ^jJl jjj^jj 1^1^,1 ojjj4j 1 j>j ji| ijj> 

: jj] , lis 
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( 5jU ^j1j>J| ^IjAJI ) jfo ^jWI j*i)| 



Ji ji ^>j i 1 W = U/s ol Ug . u*jJl / 2UJI = ijM\ $ f* : h\*y\ 
j-k *LLj , SI olj>yU Lfljl c jjii jl ^jjfcj i SI cAs>jJb slkn oU^Uil si* 

. Q(J) = (70 W)t egg ^jll 2jW cLi ii]j 

; 11 M j 11 1 ^ji*JI jj pUull a*t#M flii^b tf u^O s^LUJIj J*J1 
Q - (0.5(10 kgX 140 j/kg , C°X357 - 2Q)C° t (0-30 kg)(2.7 x 19 s J/kgJ 
= 31,000 J 

* = Q W W * (31 ,000 JM70 J/s) = 450 B = 7.5 min 

i-^jj tL* i>j BO g jjJhJ jj Ljli — Jf Ij-1 j-i JjJIjj jjJI ^jjl L, : jjj*j 

. 27 min : ^Vl ? 10(PU &^l tijfj* 



§ .jLaW L*^u uuj5jIL> Lilt) I *jlj> i>jj -» f.liij"]ll j* It . y cufotti i_v^' 
. laj>j uILJI J lijly- iiQj j] Lj_Li'L ulp%2 li^Jl Silk jl ji^L 

i ^st.'.. J VjCLjI 

f "dJUl itfj* iilL l^jj elijji L^ Jfl iJjUl ^a L ; Jl^, 

iniU 2 ^ roc AT : LLvlll 
2 ■ ■' 

; Jfi J^>J | 11-1 J-j-tfjJb ttk*ll ( ^LjJJ C lu3 .Ijii^L ,illLHJIj JsOl 

T _ H/2HJ 3 _ (0.^(1 tKlm/s) 3 
« "l.3xi0 2 J/kK: j C 
= 39C U 

AT jl Ja> J , jjju ift Lai „J^J' LfjAV *-* >JJ>J liLs-jJi jl Jt jA>JU jl -iLjiU 
l+jjl^* M"J J U^ L ^'"C *-SilaJJ LIj^I tjljjjl Lj*jJ Cul^ Ijli i. djiCj 

t 600 mis UjIjL bj*^ HSj*s* <uUa)I titS IJjj . ^jii)lf 5& U C jjlu ^Lfjji 
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( EjUU Cjl^sJt ^Ijill ) jis ^jbJI J*W 






11-2 j^^fljJ Jll» 

^u >jji &, 1 kg jsi Lii^i -±a\ j j^i ^ 0rMiil | j^ ^ 

ir^ ^ ^ &K~d) ^ >Ml fc* Ij] d ^ dJj a Li 2600 Oal 

aljh* ^iyi ^ ^ oi^ji ^ D j ^ _ 3Q00 Gal } mQ ^ ^ ^ 
Iji^j- i+jj jj| l^>j , ^ J_^ jji^ji ^ 3 x iq« ca j jj 2 x 1C)G caJ j (j> 

t| « p*» Jfc#J fcUjJ* U| i^J| ^ ^ ^ ^1 ,y . j ^ ^ 

. tjtftty ^ L^ J^ ? yfjil iU( J^ J 
. L^ LA" ^ 5iyi J5 l*I>L ^ 3) (50 kR l^bS ift] i£»| Ijl ; ^ 
uJl 01 j#AI - W> Bjl^k Ujj ^J ^U| ^y^l ^ Li s 1800 Cal I* J. 

jjlj>Ji jrf 11-8 



^J J £*j *j ■ ¥fy* J &£M tfM ^Lm, ij.m ijl^ Ujj J tlalj 

L^j . Ujl^l l^ jljp jLJLj , oi^, o^ jl^ ^ y jiL ijij* 

. ( 4°C JJ D C > 45jlj» b.jj ^jj ^ 'yiAL Jiill J^ ^k iUl( ) y^jji 

■ j^ 1 ^ >? &p> f# ^ • Sjij*!! o.jj w^ j^ Lj*i jjyi $ 



m^j5 LU« Ji) cU^, yi iLij^JI j^ !^jj-wJf Si^jJl y^J >UI ^L> ji B 




J! jjj^ Lu l^U^aJI s ja gap ijl^i o.jj ^jVj . ^3JI jL^i l*.jj jjj ^ j^ 




, «4^JI l^LiJ jiil b_u;j3 
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, 



( 5jUJ ^jIjaJ! j^Ij>JI ) jin JjbJI J^iJl 






V— i» ijJl*J b^Laj iljLLid ^UL-jiJI 





. ti-ijJI _s (jjjjJI 3jij> ^b c*>J «iujj ui^v iju^-Jl iiiLjiJl jjiJIj LjjjiJi 
liLi , AT 7 tUAq **** J-* ^ j-'' J V : " ^ v*^ 'j'j* ^j J u 1 u*/5J 

: liiUlij 5jUU Qt Jjfcdl Jj'j*JI J^^ JjL*j iJj^ Ll£*j iJUll jja 



ff- 



'-jji jjjj ij^ji Uiii j Jia". jil 



5jlj*ll ^jj |^i jjisJi 



AT 



jldAiJI 



A/, s til, u AT (11-4) 

ji t ojljjJI L^-jj yjJ*+ ol^*j ^ 1 Liij*JJ IjUi 1 'if *Ij*j O 1 £*lj" i> 
jljil ^*J a jjJJJ jiJi ^W itf-ijdl f^ 1 ** d ^y * 1/K V 1/sC 

, 11-3 Jjj*li j 

ujLsJI ^ v 7 ijj3 6jl^> i^-jJ yl jjjiil t JjUl JJjill J*U •Ijiij^l' JUiii 

^jy^m Jjt j» ^y I j^ ^s . +50°C jijiij eijtti JJ 75 cm d^ ^uVi 

; ( tl-3 JjA^II Cy Cf <id3 rj^- 1 ) 

AL = aLo dT = (19 x 10 &/C°)<0.75 mXfiO C°} = 7.1 x 10"" m 
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< uUJ ^jl^JI ^\pl\ ) ji* jjWI JdiJI 






IjH j*lJ jj^sJlj J^JI jj*jJI JjUj 11-3 jjj* 

( ao'c jut ^jlLm 4*jj j5J ) 



r>f 10 fl ax 10* 

3.5 1,2 

-9 -3 



wL 



-27 


-9 


36 


12 


-30 


-10 


57 


w 


75 


25 


183 




-240 


-8D 


500 




-950 





1200 
1240 
1400 



IJflt 


( ijij»n fjtt, ) ^3 


(^j)^j 


yL?j JJi> 


iiLjj-j j^jj 




jLjI j„L^ 




r^i 


i$ 


J&t 


60-4* 


1 ik#' <jlj ) ^W 


<ijLy*> Jjj^' ) Jyl^u 


( jji* ) &$ 




JH-'' 



j 

■^ ^ Wl ^ jj» - ^'/r^ 1 jw^ 1 rt jj 1 ^ 1 j^ ^ ^ jJH* 

J>WI (jj jir^i Jj— v*^ 1 V« Cil Si <> ^MsJ^l^j . jjLIL w»jl! yuJJi 

J4LM Jj/J (ji^ t JjWl JJlJI Jjby JL^J Jj LfjIiiiJ .jjUf il^jjjl J(! 

'j 1 ^ 1 **jJ j^ W 3 p**Jl ^ ^i j^l 4 yjjj^lj jjl^l jj^t 

; 5a>jJ| (JiLj jIjLj 



if 









J J! C-uijJ J>j -Lu: 






iVsTPsir 


(11-5) 
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( ijUt 4-jlyJl n#ij*ll } jA* JJ^I j^iJI 



sjj j_ukJ Jli*$j . ijljnaJl 4-^jj yjJEu oli>j jj y^li»j ulj ( Jill. 
i ^ . 26 6 C j 20 n C UjJ i>» d** jj ^Jl ^ 100 cm a &I w»l ■ ^Wl 

i 

6Y ■ (1 ,24 x 10" a /(TMIOO em*K6 C u ) = U.62 cm^ 
ili f.JJmsUsJ] H^i &k>i .113 Jjj^JLj i^-joll fpi ^liiidl iji 

^ji Sji^i <s.jj j* s^Ji ^ij^iJ i*^ ay v l> ^ ^y^j . r = 20°c 

, jjiJl Jill lift ^ lullj 

jjuwJl JjU> dJj jjL-l. j_ilj^II J JJI jjjJ]i J*U* ul 11-3 Jjj*Ji jau 
JJi*4 jJ jiHI ^lIu jj_uj ^jJI juI>>JJ LtU fctfU &aj t L-/: j**^ 1 

: JI-6J^ 

«_L Jlj i v L -^ J! ^ ^J*^ LuLjiJl t^jLtiyJL ^ijj jjjL vloj jljj 
j^X J-5 &M Wji v-t'y V"" fM 1 j-a L. , 20 m L#_lt "m*IjJI JjJj 
jjij^Ji i»jj J_lJ Uiifc o^^jJI 5jj ^ 1 c^*j -20°C l*-jj & /^jjb^ 

! +50 S C js 



I j^U'ii JV.t",.,l 

. AT = +7Q C u iA* A£ - I<d AT : ty*P 

f ^jjU^ y^=^ J^ 0* U$/ fj3UI jjiift gM jjU AL J* : J^ 

^jU; jljJ^ U^i JJ>' J^ ji y*« y^Ji 1 ^ i^ 5 ^ tH*^ ^ : W 

*Ul J*i JA*S 0' 'l^'J '^'i" M# J jl ■ W^ * J -" liJI ^i ^ L - Jl L ^" 

. Sjilil #LJI uSjW <b^U jISII jaiuJI jIA ci ^ *i*j t ujt^ J5 ^ ij^Jl 
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( tjUif itjj*A jdljiJI ) pi jjWI >iJl 



AL = (20 mj[10 X 10 e /C n K+70 (?) = 0.011 m = 1.4 cm 



:il-7Jli* 

J 20'C h,jj & 1.000 m l#Jjb jMi| o-WI ,> yi*. JL ^ Ua c*i 
»_^l ^L3"i i±>j IjL . jjjLII |^j 1 mm Lj*LjS "^ JjJ *j iulj 8j** 

t 73TC jl JUI y^ l^jj jy L^ 

: 11-3 Jj^Jb ilUl l^ULJi *!#&£ ; U»)TI 
Al * (1.UU0 mX19 x 10 -^X+aS @») = 1.0 x 1Q- 8 m = 1,0 mm 

f 1 mm '^Lj! jiJl ijtfll j&i! Ji ^ > : Jljj 
Jb^ IjM *Uj! oU Uj^ lsjJI 'JiJijf^A ^SSI » JJLoJi ^ ; LL>y 
Jj^iJI ^LJ jJ ijL-jJl oJ-J lii*j . >l J> iy <i^ (Iff*) j^il ylUl j-AL 

. 10" 1 mm iijLj 
l^ffl ! oLJl ^ JLjS i jii/y^UI ^£11 «• JSU! IJ* y^y : Jjj 

f LpLji jb'j jl. 
jLi iJ^j 1,000 m ^j 1,001 m jjL-j C SjJLJJ JL^I K^JI ; LU>Vl 

: 1* t JlJi 
C = C 6 + (Q.Q0DC fl = 1,001 m + 0,001001 m = .1,002001 m 

JiL-Jl J«j jt\ 5jJU KiA* jJJj . 1 mm jIji* jIjjj JJJl Jj_b jlj lii>j 

1 

. C J Sjy 1 *,wj^ LjUl tlij^fl ^ j^jSJi jjjJi 



, 0.0°C L> ; j jLu: j^U tilw ciU Jj 50,0 ml ±*> £l\ gt$}H ^ &j )U 
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( jjUU -Ujl^iJl gjl^iJI ) J» JjL>J[ J^JI 



■^> j|_j fi ^jj t Sjl>*JI i^-jj ^ jd^JJ' j* u^ki WJ ! US i ( « ubJi ji 

--**Jl jjl-J* JiUu jL5 Ijli . JjIjjJI 1>jJ £&j^ **jji Jlj}i J^ U*jj J$ 

JJ yU£j ^ tpyi jiiu jli i j^.jJl ^L»^i JL* ^ <J4 «$ ^jiJi *JL> J 

JjUj ft, fjtf ^1 £j^D ^j-o^-aUl »4f J*La« $1 11-S Jj^J! ^ ; 4jI*£1 

? ^S-ili ft£Jl |A* jI*,, 1 ) 1 L^.li*lj! jiptll aJjLJ! ^a L. : Jl^j 
■/■'■'i p^JI = ( 6i3¥ ) AV- ( ^U-jJJ ) iV : <^ 

; to* Jj ^i' ^yij jjjJf |4v> ji IjLjJ I *itf ^^>6 i iiJLLJlj J^Jl 
( p-UjlJ ) Ay = (50.0 ml)(27x 10r b /C n )(+30,0 C?) 

= 0.040 ml 
( <0\ ) 47 = (50,0 mlK 1240 x 10 */C u K+30.U C°J 
= 1.8G ml 
. 1.82 ml LijUj > T i..i.iH i^JI **> ji ivJ tjJsJUj 



J^jiJI : flJ^pJfjyCul ll-0« 



dJj . ^.WJJa^ Jlj j^j i 4SUI "uU J^i yaWJl Ji a- JI «Lll ft. J^ 
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( ubi) I^lyJI ^ijiJi ) j&. jjUJJ J*iJI 




jj ojUI njlji OL-J& JJiJ Lfcpjj £ |JjSd J I till |> 41*111 J>jj SjljjJl ^i 

Jljjj oljU Ojl^aJI uUall DjLijy , tjJji 4Jjlj* "ulls SajJI I jj ,^iUl tj^J] 

1^_J| L£3L iij-jj-j jii jI SjjLaJi oljjJl^ L^-ijLj Ji ^jjjj Lu i LjjjIUfil Lu 
i LJLi] iJUj L^ujiiJ HjtJI cjIjUI a-i *jLau 1*jJ^ MJkj . Ljlyjl cWI 
JjJall JJ Li*UI j>Ul JLUl ,> Ojlj*Jl «Wl JI3JJ UijkJi iijjj t lj£*j 
JjljjJI JL&TJ LfcjjJaJI &jm , L>Lj lj_Jb' Wll 7^ y^ IjifJ Jj : JjLJI 

al^l c* ^UjWI ik-ijj Mil J*i ijlyJl JSU3 jjlj>Jt J^l LU J 

4_^JsJJ LiwJli uJl>Ji jljl _j ull>j o"'Jjjw jj.lj>ji JjjjSH ii>j 
jl (jjjLJl ;>JUj - i^u^ fjjL^jJ-ll uijkJl Jlsj Uj^ ; L^Ji? J>^ jji?^ jl j£*i 
5,jJ jl 7— iv 'La ■ j-*' Jj jJj j-* 3 jaj5 4ij*»j pjlj,*]! jJlLi **JJ*ll *ILI 
(^rt jljjjJI J* JjJaj JLHI .Jjjl^ jJi oljiiJIj jjlll t^uSji At- Jaiki tjLlI 
J_*»J ji L^-J^tj JLiJlj i EjLII Jili iljjji Lj*j iSjjJl i+iiw jjJl olij^jU) 1 ! 
ii^M iiljli]i jli (j+Jj . jiiJl ji ^*T jl s^» ^i L$jtfL> *Ltfi 4jjIj>JI oLUi 

^il Li_iLjJl LsDLnJl ^Lilljl J ! l-fl JiilL Lv^jll ^vJl *jil-j o^ 

A7, I j ^' - lijLlI j~+ LtaJ J-iu JiiJl lid . Lu£ Lfl-nri JjIfjJl Jj-"**J( nJ-aJ 

J Jjil 1*^1 tALk *?/A! Ojl^pJI ^Lj-i Jiu i>i j^jLII ^> . 7 1 , - T 2 = AT 

4 1 i ri 

«_i Lj-Ji^j ( I -j K jl A jl AT «4jj iA( jl ) A s AT ^>j J5 «j Lj^ ^'- ■!■"; 
o_J jj l o-^xj; oLdljiJ^l! j Jj* v^- ji .jjj-" J 1 1 ( AL sjLjjj .JL jl ) AL 











m 


430 


m 


400 


^ 


240 


^jji 


10J5 


J^jl . j*'_>^ 


O.S 


iiLiv> 


O.R. 


W 


0.6 


^ 


n.2 


L)J ^_| £jj 


M 


tiki 


O.QB 


- l-^. *. 


0,042 


^ 


0.042 


J--JI 


0.04 


^^■j^r 




(W^o jyo 


0.03 


jj*j jjjji^j 


11. 021 


jiJ 



£ w ijw 



i( 



AL 



(11-6) 



. S JjlJl 4+jJ Jp It Ji 
+ I W/K,m = (l/418,i)(cfll/s)/CVcm 

= r fl flmt.uJn/h.ft?.F i 



^Ul i k k=juLH| Jjw US t JjljiJI 4^jJ rji! p-b ej 1 * AT/A! luSJi j^-J 

u£ll 11-4 JjijJI Ji,,^ , uUU LjjIpJI 4jJLjjlb i li^UI hU Js 
JLlii A j Jil_jJL IjjJu Qib.T uyli Ljos Oj^I jljil uJuyJ A ojliJJ S^kjl 

l^d j^e A j[ JjjljJI ijj ^* J«.yj ji ^.j . jH£}^ AT : jilb At , w^ll 
Li JpJl ^y^fiil LIU J Ij^irfj oljJilLi Sj^JI Ljlj>JI iX^jJJ 4juoJL 
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( sjUU hj\j*J\ ^j*Ji ) jit ^jUJI _Wll 



i_*jJ y*JU J-Ji kJ-iaJI JJ JUL5 O-J Ijl III , JjJ Jl -U* ftjj^ li^J.' uLU 

Lj,1 jJI LiLfJ 1 j~i IjJi^ . t-q Jl ,^_i i^-jJl ^ -'j—: Jj>J ^ L$j]i ijiyJl 



—a 4_il>iJl djLuI J_£AJI l-lj(£j jjj^j <Cu# Ae UjiLWl ol^lJJ jjjj 
X^ljfljl UjX^jj LjilU.^L JjL* j-* fjJ^t ?j|Jl li> . 30 x 30 x SO cm 
bjjju *_ujj sjij aj^j i jj,lJI ji ^JUI ,> 4^*5 oa^j . k ■ 0,032 W/K,m 
ijl i wUl ji ji-siil JjJI Lii" ^ U . 0*C jit <d>b ijfj^jl L>jj &j&J 

t ^yllaJga jYdliirl 

f ij+jiill JSJl 44+5" jdij ^iJl Li : Jlj-i 
Ji ^ li* ( **l_Jl ^J jjiil J->b J| V L^ j-^ 1 tjljfcll Itf : U*?1 

, JlSlo* 1.0f jl+^il u^fttad 

? j jill Jib J| itljjJI uLjl JiAj ,">wl IjLu : Jljaf 

; cLj^ lirttt, JjaII lit ji-w : M*? 1 

, jjjjl _jli.j Jib ^u ATi&L Ijljitil L>.jj -jj5, + ] 

. Jj^JI jli> <>Lm . Si 

\ lilj*JI uL_JI Jjas IIjLu ^ L* : Jijw 
^ = ^4 : W^ 11-6 UjUi : oL>Vl 

* L^ljiijl ^« jJl l>Lil j* Lj : Jl}*- 

dJi/j l (0.30 mXO.30 ml = 0,090 m* Ifu J5 i>U ^l>> «- *J ^ l : W*l 

. 0.54 m 2 LliJl "^U : l op 

-^- = fO,932W/K.ffiXO.54m f K25K/0,O4Ora)'=llW 
= [11 J/aKl.O cal/4.184 J) = 2.S cal/s 
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( IM JjjI^JI ^ijil! ) jis jjbJi Jjill 



/ 






3600(2.6) = WSW cal Lajji ijlj*Ji ^ Ltf jjj| ^U Jj yU3 1 h JJ i t $ 



>>J1 : ij1j>JI JLw! 11-10 






w 







L-^ilJ Li>U fjlj , J_wJi 3^12 ^j; sl. .. i^^j ii_9 jj.^h jj^ 

ylSyil i*i iii l^i ^^jsj ijs yiJj . ( i tjjJi ) [#,&, J ij^ij ^l jk; 
jLjj sLsjl y«i* jj ^L^Ji ^j jiLJi Iju* J^ i ( v ) sj^b ij^ >* Li 

, it* 4awsJ| 1l>L> uLJI tjijlit 

l^j ^ «i jUJI ji JMJi $ |^k . I^iw tf^i ^ y yjJij 

*j*»— 3 jjtf JJ_iL J^ A J^ $1^1 jJJI <£jj| y j^l ( []| jij J g [^ 

6J OK jftl JJUl ^ ^| J>U J| $ li^Jj , jiui ^ &, utt* Jj! pj 
L^ J^ ^_j\ \^j } Liltf ^i j^ili j^Ji j^ y ji^i «kL*, 

, j**jl ijijjji jtisi i^kii m* ^j 






,j>Lj &*_£& 




ftbwJIJV* 










i 11-10 JU 

. fI.j+3 ji JjU lit iii 




. gMjll iljU; tkJjj JasJI LU y jj Jj ^ ^ Sj|^>]i Jj^ 
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( 5jUU AjjIjjJI jjIjjJI ) j& JjW JjwH 



J L 

WbjjJi LSj^J* cJ ^'j ■ j*!**-" J-*^ 1 ^'j* j j Wi Cm j^ 1 to* 
_Lc jip^J S J ^jjl iisjiJl ukil j jl> 5 ^ui' i^ji Lu*j Lib jj£ «-lu_JJ 

^, ^LJI (fu_H fl>^ j -3 f-^*^' j^-t v 1 ,^ u^" »-*J) 'jj 4 ^** - rj'/ 
j^Jj . ^1*1)1 jl*_> ,> *.jm»jj 0>Ul tl^Jl f liill ii*^ till jll*fJl tyJH 

Jli^Jl J*>J1j 4jS.llJ' LLjl MJ_dG «uJ |jl uJ^v i yljkil (jjO J*>Jl Ojjj fJJ 

, i&Sl ji* Jjj J jjLJl tl^Jl ^ 

J-i*fl *ljl$! jJWUJ l iUjlj+Jl J**Jl ^;1*^ ***" ^}* *y*H J»^l ^J 

&L)j] ii . ah]} lit i Liti ^iai olj <j!f>Jl J-WI Jlj> yjl ^jj-l' 

<^_* JjLjJ! tl^Jl Ljj^J i*iiJ lJ 4aU1 j* &w£ CjIj^ Jk>}£ £**/ ullJw DJ1>j 

ijjj t j_kl JI LjjjiJl ^_Jl jJ jjyi *f^J'| jj jit J**j U, JU>Ji JUI 

. >Jj JLLj Ji JjjJb DjIyJI Jliy'J !J^T ^U frjliij 







ijfl : Sjl^JI Jtffil 11-11 



. Sjl^ ^L^l Uji« o^J! ^j 1+Jlj i jijTll Lii ^^i\ jl jJaJ IIS 
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( WLfett ^j1j>J| ytfljiJI ) jirf jjUJI >i!l 



&Lh±* JLjJL^ ^IjjJl Jtatfl ji J^j^g jjljjaHl J(B/j| & Jj Jj JU »(ig 

. ;l*i"jjl . pfcjj BjljjJl Jiil/j iiLr JaJl jji , J'^jl jLm.II 

!jl_pjl oLvjj ±Lr ^4*1 CL*J lilxil tyfc ^■Jfl (jlj -fc^ ^£Jj t ,L^i 
^jJL bUil ^ L^l£ ■ iuu* . psJl |£& ji jj^jjl otL^Ji Jj J U 

^*Tfi ujj *Lo}l J jUfil LL*JI ^t o.L* i jjlj*JI ^^ M ^ j*>Vl 
. LjJj 3jLi)'l jjUJlf ^Lvi*l 4^Lp jS ij\j> jj iilkJl JpJ jju i\ ijk* 
( !+-*jl>* L*jJ Jtf liii LUs! sLa-Vl j| 4^1*^1 iiLLsJI Obu>l Jiu ijiu 

<^Ui^l 4JLUI jLj ^tfjl M iLtj , jLLIj yjMS r ^ JjjjJI ^1 ^jL, 



■7--fa J 4r i 

if 



{ ll-7) 



c cvLSJi iJj-*s:j . Ulkll Ujlj* Ij^jj 7 1 i |w_l>JJ L*kJi ULJl A ^p- 

I JLH5 4jJi*,'l dt)5j . yldjJU 1J ^tUjIj lUjLi 

0-5.07* Iff* W/m*,K* 

Jy e 5jjs Jijlfj lit . 1 j ^ i^a *j|j3j ( i^jJI ^JIujI ^i-ii c: J*LI1 Li 



yi i^jfi 4iLbyi L-*i!l iSijil Ju»j 

* solar one » ilj ^; ,^J ^u 

i I— ill jL-Jj ^j>ij-J fj Jjuaiiil ijljii 
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( wUJJ Sjji^J! ydiyjl ) yte jjUJI j^JJI 



j-LkJI Lit* jjj . iXi'i LajIj pk-Jl j^ij W jijiJ! ^ e 1*j ^^ Ug 
tiujwL *»*^JI j! JiL p = 1.0(1 i«l5 1% , 0,S Jlp- lSjLu e jb lij Jji-sll 
J JjjJI (>iji LiU d^USj . Jj— ill I *— j>J1j 5jU Jj_jv U Ijjj . « jLii - 

jj^ii *_i|J T, *-Jjlj> t^^J k - >*. t Js-wj j-i f-^? >Jj I jL* l 4j .LiJI JawJlj 

: 3jj5 JjJU; l&\xbf ~*lM jaw 



if 



= irtfAr. 4 



• jJ Jjaw cijJl jjj J 4JUJI diww Jjw Oj* 1 T *-*Jl bjlj* i^jJ flulS Ijjj 



.V 



= t-crAT 4 



i-iiii! 






if 



-cffA(T 4 -r*) 



wt 



jji jjJiWl O^j , »-**ll 0*^! *Wy **^ "Jl-* ^r 1 -^ -^ ^3^" ?' < ^ °^ 






: J1-I0JL1* 

JL (> <^1! ^ M V^ 1 - fo 8 600 ° K ^ l^ 1 ^ 5 J ( ^> *>>' 
, 0.95 ,j*fcill ipltfjl jij . 7 x 10* re 1*j1j3 Jju tjS u^l J l>_^ y*il 

, ^jU'u jv r,,,i 

p ^ ljI ^ i*4ll SjjjJI ^*il ^1 ^kj^ 1 0°^ ^ U : Jlj- 

. *$%*% ijljjJt l^-jjj »*>J1 r^ i*Lj ; V^ ! 

¥ oLili ti* ^iuy ^l Uji-ll jJ»*i ^1 j-'L^I Lfll y It : Jljj 

if 

. A = 4^R 2 , Sj^( 5JU ^ : v^^l 
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( SjUJJ hjyj\ ^jiJ| ) ^ ^jbJi j^i 



: ufi/ itill jjjiJl ^]j 4^ 

P * (5.67 x l<r a t/tfti , K*)(0.93HG x 10" mWM K)< 
= 4xlO»W 



l*J 






jlUJ tfjlj*J' J>Jl H-12 















" WWlhth i \+iL.lk t 



jjyj jitJu ij^ StjJ^fia Jc ^^'J if l ' *i ^' j^J ■ iy^ 1 j* ilSJJI J^ tSjLy 6*i^ ^>Ji 
ji id^ |J^ pjpil ^| fltfU 1^. JjJ J^ , u^y, J^ Sj ,^ y ^^ ^^ ^ j. ^^ 



1 .AA r _MT 



ft- (1M) 



^^ Jjl^»Jl J>Ji jJ iiJikLJI jI^J ^ ^i ^ 11-5 Jj^JI jj^ 
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( iM a^jjj ^jiji ) >tf jjuji j*sji 



, 1 ft ! .°F . h/Btu = 0.176 ms . KAV 4*> j JbrJI 

cAiit i5U j-. ti>S* LLiU UyJ o f ^ < fi f^ 1 3jili J* *5/ ^flj 
1,0 em t ,^L*jJI JjJI ^ M) ™ i v^ ( Ch* 2 - m cm : J^ 15 ^V 
t LMl jljjl tijJ H will ^r^ j* y^l ^ W^ 1 6 1 ^J ■ tH**» ^j" &• 

ff u = 0.185 + 1 .95 + 0.06 = 2.20 m* , K/W 

jl^l^^/3JU.flJjU 11-4 JjJ* 

RtftKW.hlBtu} R(m>.KJW) (cm) JU-^JI Sill 



1.05 


0.18G 


2.00 




0.63 


0.111 


1.30 




2.1 


0.370 


1.90 




0.34 


0.060 


1.00 




2.0 


0.35 





o 


0.4 


0,070 







0.64 


0.11 


20 


("j 



1.1 


0,20 


2.0 


0,05 


3.7 


0.6(3 


11 


1,95 


19 


3.3 


1 


0,18 


2 


0.35 



ii'Ju jllj iijLiu 
( uuAi ] CJul 

20 JJl* 

20 Jui> 

o.o 

15.0 









11-3 j*a4j3 JU* 

Ijj i>L^ c^U IjU . 2.20 m a . K/W ^LJ j^Ul LiLsJ R WJl J Ui>j 
L*jj ftufi La* ^U Ji ijjlUl Sjij*II 3-S j* LJ i 5.0 x 3,0 m J iibJI 

¥ -lff-'C joWly 20X >UL ijIpJl 

: yjlts J^b 5jfj*t1 jti Jam jltti j iJ HaL» JVj^i 
§ .. AaT _ AAJ 1 



* VV«, R t * 
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( 5jUD tylyjl ^\^}\ ) J* ^jbJI J^}\ 



CTJmfK/W) 



: jii Af = 3600 i \ ^ s^i kUI jj 
Q « {200 »«QQs)- 7.2*10* J 






- jta £jfi oj^ J v^ >Jjf U# Lii^i jij $ 
^Ji jjj,) , Lji^l V^U jjiJl ^Li]lj tSjIjWj ^Ki (y) b y^i yujij 5j |^j| ( i } J^j_ ! 
i jlf-^^l Sj!^*j j^j]| Sjljj, ( _6), Uc^Jl l^ljpJl UJi ( j j L Llit^i Ljlji.il i^ij j^fli ^Jij 
> jji^Ji ^jUI ( jy , jj^Ji j^]I ^^ ( i .) > j— I! ( r ) t jfJI ^ rj ( 3 ) , ^1 ^ ( j } 
( j*.) * fl J*U|ij L^l U*jJi ( j ) t 6 i^ ^U ( f j , ^i^i ^1 ( J ) i jjl/OI J**H < J ) 

■ h 1 ^ 1 ^j J y*y <> iljM 1 oyW &&*i J^ r ji- 2 
■ Vj*" fd4 ^ ji i^< JIUl Ja) Q = ™:AT 3JjWI *lg&JULS 

■ J^ 1 ^ J! jMl 4>jj IjU rj J. 4 

. JiUl ^ WJI ^ ^ J5LJI ^Lii Ik; oIju IjU ,^_ 5 

. SjiyJi ^ U4I Jt ^jUi oij^Ii »j* juij 3jQ s^jUi iiyjji ^ j^jji ^ rj ij^j _ 6 

. j*jj ^jJb Mi aw tti, tyH ^ i;u ^ , i^m j ^ ji^ ^ iiui jjui > . s 

. o^iJI ^^ ijij* ^j ^^ jjL, ^ L^ J^ Lull ijlj*J| LiS ^o . 10 

. Lj m* ft* dJUklr jiklj Jiu l ^«j.. n 

clLL ; * i, iji Lib. J5U> ijl^l y ^l J^ jm«I R J*Uli j»^i . 12 



1 Calorie = 4,184 J 
n = 5.67 x 10 H w/M^ . K 4 

: ijlyJi 
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. 



( SjUD 4jjjlj*l1 ^^ ) jt* if^WI JjiiJI 



, kill oljjj il^J **%kJl olS^JL, <iy)jll otLJi ^ lijIjaJl iiUJl 

: (p) k*yJI *bj'j>J! 5juJ1 

Q = mcAT 

, jlc jj JiL ^4 "til > «Kfl ij>j j>b jijJui 4*jHJI J ; lj*Jl V ^ (H v ) n>d\ 5jlj> 
JL J| Ail* ^ SjQI ,> ttifll ii?-jj j>b j^ **jVJl SjljsJl "^ j* (fy) jip^'l 3jlj> 

■ ^LiJlj JiLJ o-jjU I C* j*M j^ J^i * s^j J*UI &)P to ;^! ^ J^ l/W 1 n 1 ' °* (A 

, JjUJIj <JUdl ijOJ^ 1 l>£ f/^ 1 j^*" J-4i |j^ij 

: UtfllSJ&JI 

<U j*t t ^ ^ J £*** 3jUJ ™ j'jfc^ ^ ^ l/ 11 y>" ^J***" W j* 3jU <$^l *J*" 

. jjLJl (^Li *-ij J jjLoSIj j^^jJlj jLhm^I ^jLiiii J»S; 






#-=*oAY- 



yyJI II* ^v«u ijS'jJl ijljfcJl ^jJ jj3 Jl jta^JI ^ jS j^l jjdl ^ ^ ( ?) vr **>J l LJjIj^ 1 J^ 1 J^ 1 " 
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( SjLU Ljl^l u* IjiJI ) ^ ^jbJ[ j^tf 









: OM* 
■ ^J^ 1 J** tyj** 1 **j-> £j^ J> A7VA/. i^JJl . 1 

: 3jLU *? j,ui ^ >ii j^Ji j^i j^ ^jj, jyj, _ g 

k 
S.-MIL 

MR • $1 

. ui*u Ujni insiai ^ a j^i ^ ^ ^ 

: ^iJL ijl^JI J!bj| 
: f^JI {L, Uify UU, ^ ttkli Jji^j] ^ ^ ^ Lj ^j f Q1UJ ^i ^ j^ ^ 



'H-d 



iL.^ . ^lAjly eyl5 : ^LJ| i^Ujuf £ i^> 



La Mi 



. iaWl &IJ jA-Sl ^U ^ J^ , iJUJl i^UJi oli ijy^i 



T- =WAI? 



*'.b. 



U^ oiui .ui ^ l^ Liu ^ . r, i^ u^ d^ - 6J u j, ^ ^ j^| jit >i . 2 
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, *jil . 100'C WjJ Jiff ^ l W {$ Uooe U^ p i-Ul ^ WL*3 Ju^ u£j ^ till J**j J &S4I <> - 5 

? Ijlj^Jl i*jj ^ .lis u-l^JI (p Wal ,> J_y1 iliJ-II ,> i*ti jl U *i" lili- 6 
M^ilji L-L*j LlL>i ij_,ti, i^JLs jj*gJS Lj-jJ £j ^LjJj Jsl j_>£-, fy^sJi ^Li,j &] jjsjljll ^>y l*ii* - 7 

t iao*c <>jj a^ tin ^ ^utj jj*]i (> ul* i^js jil i0o fl C u ;J jii »m ji*. ^ Liisi j^*ji o£ ou - 8 

3^i r jj L^_u iipA Lvjj; Jii i*-iyi IpUi oLX_Ji <> 9^1 ^lj*il y Djij*)! S^jj ,y oU&li ty&-.'9 

, «41 . ijwiyi l+ift jUiti 
jJL ^J^ JS jl jijL . ^-0* 3^> t+jjj+i ^ jj lil Ia* ijU ^ ^IX IMil ii/Jl tf Jj^li ^ - 10 
lij 1 h J^Li dLJ ijlj* i*jJ ji frtSjl! jJS i ^1 Jll> 4Jj*j | _ !r iJl^ ILiliAJI ol^Jl ^ ^ sjlj*]l fci 

. J^iJl *jL> iiLLII jii jjl JU ji fJ 
jj* jl JJ ! 1"C JAh **-^ Jjjj jfl f**Jl i^r >j -^ ^ y* >f° lj' v^ jiJl .-ujSlL »UI i^tf ji U- 11 

. (c bMljr = 0.83 Ml/fc-C) f f-*Jl jl* ii^i ^b o* *i— ' L C* ***^l s ^ iP 

. ^Jfll ^U Jjlll 1>J> isi5 *4Ul ; ^l iLL jji . G.0 x 10''" Pa L^J jJWl iiill ji jjL) J£J ^ 5"C 

, 1.5 x 10" m (j-jTJI c>fi t^-All iy t 7 X 10* m j-*Ul >J J^ - 1340 J/m* ^L; ^ 



S 30 U C J! 5 & C ,> tfjlj* i*jj ^ Jl ^Lll ^* 47G g Jl t*iUj v*j ^1 ( Jj*l|j j-JL ) s^i ^ ^ L . 1 
* MFC Jj 73T ^* oj^il) 'HI ^ 1.65g ,> L^l^! ^^ ^1 ( J^JI^ jmJL ) ijlj>jl 4^ y U . 2 

150T fri Ujlj> <*jj >^ jiJ ^-UJJt di 136 g & IfftljsU v^ jill ( Jj*J|j H 1 ; ) 'j 1 ^ 1 **•* j» L - 3 

! 25°CJ! 

! 122 8 (] J| 29T 5» mUSi » 2.80kg Sjl^- «^i ^ 1^111 ( Jj^Jlj j*Jj ) y^i 4^ ^ !* - 4 

11-7 Jl 11-5 ^ j*LJ^I 

j! "^ (J 76 S C ^j ji* UiiiJ j^ ( ^i J^< ) J^i j^v ^ 25 & i* aUi ijij*ll ^ ^ U- E 

U5 U C 

( U.^ ii M7 n C Jl -12 5 C l>jj (> fcJjJl i* l.M kg iii^j] ojlUl ojlj^l ^^» U- 8 
L^jj ^ii^ >J J&3 ^ 100 r 'C L*jj j^ till jLiy ,> 275 g &i Lplj^l ^^ ^3)1 ijiyJl L*i y U . 7 - 

. 1 atm *UI jl^ W ^ jsjSf p -35 ;1 C WJl Ojij> *>jj L*Ji ^J ^ 
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( EjLU hjy^\ ^Ijill ) jit jjUJI J^iJI 



iLU iJl*ll J J 27 J C i^-jj jd* ^JLJ 1 M Cm UJjj*i fj^ 1 l> 240 g J U>U] f j^Ui ijlj*)i L*J ^* U . 8 

^■jj juj; iLll j-. S75 g ^k j^ il*WLll j* jL*^ J -10 S C 4jjl^> Ujjj 26 g 4j1£ ^l & Jli JiL,l . 9 i 

. &tej£!l u jjlj> JjL^J J J**j VJuiiJJ 4^1 ijljaJl ^jj jj U . 37 f C 
L . D*C *Jjlj>* i>jj jJill (> lJ15 ^j Sji* y 327*0 Uj^ 4*jjj 45 g U^ltf j^sil u^L^i jo ^ c^s _ 10 ■ 

* *JSJl >J& « ^Ij* o 1 / 1 *Jl* J! j-L»jH J-s UjIs *j#— Ui JJll IkS" ^ 
Jj tlil ^ kJ* jU jjJ^j ijgS i\ij ^ -yy j C L^Jjl^ c^jjj 36 g L^i <_^JI j*y i> ^ ^itft-i - 11 ■ 
;LUI yU| gJil! i^S ji U , CJ 0°C ^a jjl^JI ^IjslJ ^ i^fl SjljjJ! i^j c^L£ ,6»jC i^jj *i* 

? ^}Jl ULiJ ^ 

* ijlj-* L»mJ uitijfcju ^ji* 4,5 kg *GLtf «jjj Jit ji> Jb |> jkxH jl yt*j ^jJI j_yJI 'ip$ y Lt _ 12 ■ 

. 580 c&l/g p*Ji ijif i*jj jk till j^ Sjl^ * 2.2 C° jliti 

0.138 W/cm 2 j_jLj w^ j^jlL, J_£J ^jiU ^_^l JUI ^1* klU! ^-ulUI *Uui}ll ijjJ i->i* - 13 ■ 
jl jjjiU . .J>yi\ *kj JJ Jj — ujl JJ jjjJl JDlill ^ ^^Lu jjjiil ail jj Ji^l t'y*}\ ji ^Lll ^ ( CjjJO 

, 12 iJUJl jj Slk*ll ^>j3)I ijl^* 44J {j^ii *J>Jwl ! oUl j 5ji*jjl 
25°C 4Jjlj> Lj-jjj 30 g uJjS .j-iil^t > jL^Ji ^ 120 3 C ^(^ *>jj ^U > 225 ^ tiULi d ^^ _ 14 ■ 

L,jip 40 g <&£ ^UJI ^ ^Ui ji jj^yi * til ^ SO g JI -15°C ijjl^> Lfjj JJ > iJLS L*^ oi^i . 15 i 
^JSII i^ ^ UJ ; 20°C ^IMJf uljJl ji^ ^5L^I ljj>}\ UjJ ^W IJ] . 40 e C Itfjafft L^jl^> i^y c*Jtf 

p iiLiII 
. D C jop .SjIjj- jljJl Ub- ^j ^£11 6-- 15J ^ j *UI ^ 45.0 g J* 60 g L^lltf *JuJj ^ Ut ^^_ 1*3 i 
IjJaJJ LjLjJI 6jIj>JI i>jj ^] a>j -ililj, 411 ij> JJ 4w^ 270 g L^JjS ,>>U1 ^Lj^JI ,,> L*^ -.jinl Ljjj 

r ^L.^ Li^'il ijtj»JI l^-jj j* U . 14 U C l#J^j 
Lj ( jLjUJI <Jai j^t i^uJi 1^-iAj ^ (III cj%* ^> 1 g J— * ^i Lf_^ db^-J «Ul jaKm Sjlj^ ,ji ^jjj . 17 

, uUUUl i>jj jtf kT lw OliaJli ^ <jjSJI ma uj^ ? ^^ »ia i> J>^' ij*Jl h*^ 
? *jUl UjIjJmI j^ j^ai: ijij 250'C UjjI^ 4^-jJj I e; Lfiri jaLijll ^ lilt iuLJ ji <j^j pUjjl j;l ^t , IS 

. Ui>j OHJ* UawIjj 3jIj>S LfrfLsLl •!; uikU ^AyliJI ^ilkJI Ji' jl jd^JI 

£h *UI o*# 2S0 kg Crfi-^ ^i j*;Jl y b . 0i>> ji *W b^ J 2500 W 4iji .yL,^ iU\* ^1 . 19 

. CU;.LiJ1 L^yi jr J^ o!>ll ji ^jiii t 70 4 C jj 15 a C l»jj 
»UI uj*_w Jijuj t 75 n C ijf-jj ji* 4i> jpji^j 18.0 n 4^-jj iis> <Jlj> J j^Ul till J>jj J^Ju »U> ^ _ 20 p 
^'i^Jl jjjj j_» U i AjgiJl oi* jj* ^U i>>Ul '111 um Jjaj jl yiji; . 400 cmVmiti jlj>ll ijj j>Ul 

t 

. L.i.xill i^jJl ji CJIjLi l^lj> ^ Jj)*j jl)iJ! ji ^jjil V till jji^iJ .J>.i.,Jl ^Lr^fll 
;.m Ls'ill x* J^aj i^^i &1S fjL' . E)#j| y I iiil isUJl > 2500 kcaJ t»jj ^i 60 kg '+L1: »!^| ■■I'j" ■■ . 21 ■ 
[p^i ^lj f^QAtl oLWl 6. ^yi 4jjS)I ^ UJ i 110 W leU 6<^j ^1 J^ V^ 1 ^1 J! ^^ 
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( wUU ^y^*)! u>*I^JI ) r* JjL>J1 JjiiJI 



4.S m/s Uijlji* iv* 6r^ ^^ ^ ^—J 1 l^ i[ M J ^ u^ 00 k * [ * sSsS 3Ui ^^ " 22 ' 
qI >^il f jl>^l 3> J*i SjJ^J! ty/Jl if* jr» L ^ ^ fi> Ji ^' tUii ^> ^^i 
_j #U5jlfl jli U . 1.0 nun &M.j 20 cra :! o>Ut JlsiJl j*) 0* *j* j* L^L*«I [0 J 3_,lj*J1 w* J£ 
. ^U"))l ^iJ p = &50 k{j/m 3 j t; = 0.83 cal/g J u-yii V *>*Jl li* bj'j> <*jJ 

jjf. jjljjJl L*jJ o' ***< ■ tUi j* 145 " C ^j'j* **J J J 3ltl S <^ V»^J j**^ u-^ 1 bl Jf &« ^ ^J 
c - 0.0&0 cal/g . . ^ajU e = 0.031 caVt r ■ C 4 J jf^ ? W* 11 ^ V*^ 1 ij, Ji V ,/ ^ ■ 4a -^ C O^ 1 

^JUL Ijj^i -L. S,jj> UjJ { i ) ' Wj frJ ] j-££ ^ ^' ^ ! ** U]1 ^^ °^ " 21 ' 
f - lA^L L^J ^jVl jJw > ^P tfjtJI WJl jj3 0.006 g^l gk* jl» lS^i UaII (v) » 4^C 
^ j^^jl ^i. jl* »UI <JU iP jjjSW 1jU * ( 11-6 Jii ) *UJ jjbll jW jwj Jtfj otyWI ii* 

5 l^Jjt y ^Jl j*!^!*. 45 U C JJ 10*C l*jj <> plttl &i tyb »>** o^ - 20 
V 56°C I* ,j ii£ UjLi Jjj y* U -12 U C l*jj ^ 3.5x^0C cm UjKJ <_*-* ji— 'JI ^bJ' i> 'j 5 - ae 
J, , L^jjaaJI JUI Lj_Ia> *LS?J -J T = -30 9 G U-jj Ji* 1H.5 m i+l* Ji' J£ — LJI i> j 1 ^ ^jii-J. 27 
j^jaji Ji ^^J jw iiL-li *ili ^4*^ ^" k^ ^ J> jl« li> j^ 1 ^j ^' liA 0- ^ 
& **& J^ ^Liill flJJ olyuJl *i* & $ft pJ ft] *3l ^Ji . 45 U C i>jj jJj jiaL L^l^J Vl^ iJ^ 

^^ji j,uaj ^j- w^ j-^j * r ^a^i 6* >^ij v^< ch ^ LaA>i J ^' ^^ ^^ iyLfl ■ 2fi " 

t^iJI Biji J i^j -15 n C L>jJ J^ Sj^Lp Jji ^L^ xJtfj . 20°C L*j^ oi£ ( L^ fij ^ j! ) 

s^wUi ijtxji jjwi j> u ! ipuVi >- ^jiaH u^^ 1 V* ^b** ^j^" liLj ■ 2 -^ 0m ^' ^** Er^ 1 

¥ 4yL« ilij iiujS ( -15 n C i^ ) 

jjjd Jy ^ SjJb J& jk 110 e C "i*jj jrf 1 m J^ ^Wl ^ J- jii - 29 
jjj: jjjjJJ ^jjm IjU , ( 11-1. J-15 ) 1 mm 1+Jjk <^jU^ Ctt ^j^ 
v Li SjIj* Ujj jJlc ii_y^Jl jiJio J* ? tllLJl l***^ 

._■ -O j^i liil ^jiJ l^iui! ajjl^lj J'^b ^^^ V^ n* ^'jt-^ 1 
. 1,9975 4^ jlJi\ ^L*i'l Ch -JLju ^ ^i 2.01^5 cm t^U v^ 5 
yJlUl o*i«j ^c^ »ji_H- *JfjJ tfl Jl . { 20 D C 4>jJ Jk LiLi. jUjSi ( i> ) 



ijiill = I mill 




11-1* Jii 



U . WC M-y a^* Jit— b* ^ 100,0 cm a ^^ *^#« Lj^U. ^ Jjij>JJ r jWi ^UjJi & ^S- 



31 



■ 4S6- 



{ wUJ <^jlj>JI >jl_pJ! ) ji* jjbJI J^aiJi 



, UUi Ofcuu cu^li 

UjU o.fli ^1 ^LJi j)i 5/ «i*ijuj -IG.O'C L*jj j^ 500 cm 3 -a*- ^jLOI ,> #J J*d jl a&j& . 32 ■ 
UjJ aJaj ^> <;L^ tLSl djj Ijji . ( jJLLJl Jj^SIl > JyUylb itfU ji Ji ±> ib)\ % . 3.50 cm 
. ( V = |reff 3 j* »j£JI ^o. ) ? t ^i ^ Lt^ni Jyiy | ^ ^ U , 27XTC U ; jJj 4*^1 i^j Jj djU* 

. jljuHl L )Juf U^Jj[t> tl>jj jJAJU jjJi ibill jjitli J^jL" ■; Jjl jjjLhJl £• &l\t t_Ul ^ Ui,k*i |}t£L . 33 ■ 

« OjflJl J^L ^ I^Jl ^ U 

11-9 fJl\ 

jjb Li . 2.1 cm <5^j 1.3 m x 2.7 m *j*UI sjLu! $ = 0.08S W/K . m) ( »12$ J jUSjJI i^l ^ .jj - 34 

? 27 <5 C j 10 n C l^jjly- ^ i^b" IJJ 1 li Jl> u^j ^ LLtlJ i>lj*ll t-S 
jjljjJI Ujj cwlS ljj 1 h ^S 30 em di«j 15 m 2 4i>U> ^Ltj>JI ,>lub- J^> oLJJl tjlyJl i«£ .^ U. 35 

! >1l v*W .Jj- virc <^ i»l ^j O.OT 
* = 1 5 W/K . m yi LuijS lij , 30 m Jil 1"C Jiy< jljjj SjlyJI Ujj J ^jiU j^JI >JI *Uljj olM _ 36 ■ 

? ^Si J^iDl ,> w^ jjj J£j ijiLLlI ^S -jliJl JI i^uyi jjljpjl L^S ^ US 1 tjijTJI Jj^D 
120 'C *Jjl^> i^ j j tU jli^ Ji ^ 0,20 Ujl>x* iiU-j 7.5 cm JL^I-Jl UjLj ji^ I ^Uill ^ Ij^U f&Ui - 37 ■ 
! ij^UI jy. ,> ji, J£l ijljsJI jii Jmi Lii * 27 ? CiuiJl tl^Jl Ijlj* 4^ oJti IjJj . wUl j*I ^ 

Ls-jj JJiJ ji ±jji Ijli , 3.7fi cm iilj^ iUj t 45 cm x 35 i:m x 30 cm lj»jL*Jl »jUjIj jy.J\ ^Uw^jl 
j>|j "d^^i ^Ul a*£ j US ; SOT i^lijl ijlj*]| l*jj ^ Uai£ C C j^ *^8 jjjiJl J>U J ; U*Jl 

* icL Ji' ji jjjWJi 

11-11 ^iJl 

4_ >jj Sjj£ ^S J^j dL ji cjtli J GfjOT l^-jj Jj 0J)!i L^Ljlitllj . 1.8 cin La^Lj J-al i^J^i 3ji l^. 1$ 
^' J*^j Oja!I i>a OlLJJ U^fUul ^1 ^ jt L t tjjjji jS iilkJl |^I| lii «£» Jah j^ ( ) 5 , 2h°£ l^jlj* 

v j^i ^jiu JjjL^H 4JLLJF Jii Jjju iU j4 i U (u) 
Jo** ^-u^l . 0.74 LfljJUljIj 3000 K Ifjy* i^jjy 0,060 cm btjLS i_LJ ^>Ul ^-»^^ diL (> ILi . 40 1 

, iJs.pJl iyi i> ikiiJI diu j JJI fbii^i Jial , JJ I Jjt (> 1 m Jif olLJ! iLwl 

JUlkU <^i>liAyl Jj^u jLiS j*lLll jjlj^JI «w i r J] I sjj , j^ua^ M^aS ( £ = 0.30 ) Jyvl T t\ ji>J^I . 41 ■ 
Jjj_« »yU jiWI ^JaJI J ^jIJI f fr\jii\ itf T| jU< J-ai fj!^> i^-jJ lJI Jj . oJjm & vy jh J$i 300 W 

, i£S fUi% 3(5UJP J*^ jili^l jJ=JI Jj ill* ^> 
«LJl b-L^w j' cJf iJiS . 660 W/j'ii' 1 Ojjj Jjaju ^-uJI pU^^il till j*>-Jj iIIm j — o*1 **>« tjaly . 42 ■ 
UIJI ^J ^>J| ^ plij| t m ^j. ^ US i 1FJ C C3 A^J! j} Ji-IJI jj'JI *UI Sjlj> 1>jJj 3.8 m* «*JI 

* 6QT ijjl^ Ij.jj ci^S GJ 
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( jjWJ SjjI^I jtf1j>Jl ) jitf JjWI J-iaiJI 



11-12 p-oiJl 

iu»ii (uij; ^j^wi r ( giflfVi ) ^lyi t^i (u) ? ^i+ji ( i ) ^ uju* 1,4 cm ^ 4*Jsi n LjUi y i* . 43 

, 11-4 Jji*JL 
jJill JJ; i^J ^g t 3.0 cm L^ u^-U-^l Jyty &* ilfkf *ijil* 37 3JUl ^ ij^Jil i^LJl culS ijj » 44 ■ 

jj JjUi* ^jLWIj J>ljlt-j ajljjJl ^JL^j (>u jjlJl ^ u^L , ^|JsJlj*Jl Jili. ^jl^JI j^JI c/iitj j* uj.ll _ 45 
. 1,75 rm Ufj* J_S" dL^. kr ^i*Jl (> {^>y ^ 4^-Lj-jJI JLJ^i frt 15.0 tm l$£*-> iii ( i ) ; un^LJl *^* 
. ^jjjj g^J p JLi (_*) „ JfifVi ^i 2.0 on l^ -[jjL [^Wt £* ljU* 30 cm *S*« ^U_p- iwt> (y) 

<LjU JjLu 

jj U l ijljj* Jj frl_JI ^Sfeil o^l 4iU> cJjx; I Si , 70 cm « tto,l JU J] ji^ jL: ijj* ^ itll j*j« - 46 

j£ ^jji jUjJb jyU j^ 210 m/s LbjjS b^u 4fjj^i £*13 Uo^ 2.5 £ l^iUS" ^Ujjl ,> *2Ji ^uJul . 47 ■ 
j} fUb^i _jj* U t 5iiLJJ Ljij* uU. Jl Ui" J^ j^jJl £* jflfi^i JJL4II if ^ ( i ) . d>|j tfpji 
uhS ir iS» lJU ^J SiLkJi Oj&J ijj JljJl ^* y ^1 (y) J jjUl Ji gj^j ill UJLJI jjlj> l+jj 

o tiM .iiujl oju Jj^ ii^i CS*i 90 g 
jjljjjl ij-jj cLul_5j ; 5^Lj> jjtwb- jj ijLjJaj alijis 35 em 2 <LnLb i*L«j 8,5 m 4J*k ^JaJ> jj*£ . 16 ■■ 
41 34°C JJ ijljaJI l*jj ^jl ji* caWUIl jis j^I L*. ^ J$\ >yi\ j, L , 10 U C J^#Jl II* j^>j ^ 

. ( T* 29 x 10 1 " N/m^ ^j>JJ ^ j^Lu J ^ ) 
**jj yj Lt . 700°C iUUl 3j1_p ^jj c*;iS Ljujs pjluL* ^4^*; ^s jLJH ^bJI ,>. ^L li^L L^j . 4^ 11 
. C45 x 10 a N/m 1! i5jLs jJJI <JL> ^s jLeVl ^L*^ j^)( L,jli, 5 6^ jJ^ JJl UjJU *1«w ^1 ijl^l 
jl j^jj i^j ^ JLUI 14a jCi . 20°C Sjl^JI ^jjj j^JI ^k, ^^ £a 1,25 m a u^> JLJI ^ J*_ SO ■■ 
jj ^JLJl jmwIJ l^j-l*! , 5,5 8 C 4J till 3j[j> i>j,jj -kJI ^* 1.1,500 m ajji Ji^ J* m* J^*j Jji>i fli 

^ Ujij« LjjIj lcj_^ L»j5jj J^> LJjaji if j> ^ M l^j R ^Joi >J*v ^i^ ,> IX^u 5jS jjji . 51 ■■ 
*• JS 14 ^ U ; ijSII ^1 Jj ^Di jjjj i ^ 350 C C JJ 5jS)l y_^ i> j c^j Ijli . 27 C C WjJ J^ 

v Sju^jji ojijjji <>jj iit v^^ ^^ ^^j i^J ^jijJi **j-*" 

^jjJaJj oULuJl al* iAil^l . (L 5 + ALP <t^> jnfjsLS A3' jIjLj L jL*^I *Jjt ^ii«* u^ ijj> l>ji u^iij . ."52 ■ 
>L*j tt Aj> t 3cr ^jU t JjVl LjjJI <> ^jltf t s-rtSIl jjLI j**aJi jjwill JjU* ji crU^ ^a*Ji oIj 

ijjj Jj^w Sjj-*^ 1 Jj-* jj-4 L>jj-*Jl li-* jLS L*l^ . 17,5 cm ajJjJ iJujjj 55 kg <jJj^ *j^ii jl i> t>jji . 53 1 
ULlI jj 75 jL5 [jbi , ^jiJI Jjjj ujli-; L« dl£l>l a^L jajiSl oU Jf ^cJl _ ; iL^ li^i^IjI f).<) r«?/8 
f Sjl^»JI t*jj ^i L^iUl ijLj^il j* Li 1 i^fljlH ^ Bj!^ Jl J^*jj JLlLfc'Jl iL-/l^j Jj.jui1 JiLiJl ,> 
jj Lt . jji'jJ-< jDjJ^j »Ua*ih IjiLpJI Ljj*^j lSjL^ ****f till ^ 0,22 cm UjiJ ^W J^Ji j* i^i^j, 54 11 

f Sjfll jl* tilt l^ jjjj ^j| li t^^'i sjnJl ik^ljj Iji^aJl Jy Jjum 
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tLk Jjy Jyjs oljJ ^LtIjj- V»J Ij ^IjjJl LiujL tflyfc* JJ 

__lU'4 i,l jJI LLljUI iULiii Hj_'it ujjLLLiU Jj 'L_uiJI 
LJMaj iijLLl ,_i_u; <LL J*H iLa ^ -J-"] , L4>UI iiUsJIj 
SjijjJI L^>jj| IwLeJLls (iJL^-"j!|) ^yS—^jSUl L^j> 
*1— i^ll JJLj JLujI ^jJaJI flJJij ! 'jlj^J' u^r*J ("^'j 

i^ijjji &«ilji 0J13 u l ^ii^jJij oijiii jyj Liuj 

jj *JiJjl* *l+Jt JLi+fl Ij^—I :L ■;- J_tiij Lllu Jjill ll* jjuuyj . aWI JFjjj W ^ *Jj jllsJ jit l*JXi-i* 




4JbJl 



'IjJJJJ 



12-1 



■UaiJl j^-J I4JJ 5jja* lyi SJ^Jj i^jijpjJi lluLjjJI y jjU ojUt JjL ^IL 

jjJiJ ^j , J>LUI cm kiji ji oLi/**JLi' tiu, lIUU &£* i 0| Jj * Jjl** 
, IJJj li_,A*: Ijum fU^I j*^ J V^N ^ W^ Vj*" <A*M' *^ 

1 

■ , | .ill L "j^ , l^jj (^j^ 11 Lfcrfli AAijU flW lJ-^J ^^h! JsJtS *JL*Jl ni* jJj 
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( iLjIpJI I^U, JJ J^l 0j i!sJl ) ^ jiUJI j^l 



, k^l J5U j^ ±j cUI jLi« *lii tfill jlmJI ilJtfj t tUl jUw y^ 
la-Jji jl (ji*i J)l *jilj_^iJl SjjJjl jljjj Ojju j w ju^Ji) \ifcL14 hJs uUj u»ji 

•UaiJI ^J* j-,uJyJ 4-±#*j iiL*£ j ■<■*-* ■'• ILli J .1 ^Jl jLu'ijill iltiJ I iJ^yi 
Lr iLiJJ ILliJI wjuJi ^Liilli . n_ij iLij Iajj_>J jj_ju frL* Ji y id+i'L 
La£ , *-^>J<4 ^lj_>Jl 'L^jJ; L : Atl -a »LL ^ I ,_i_3s i iwj&i-Jlj U^-j 
i JaJIj SjljfcJIj U>lii uM£ jjjj oLif LjljiJi liullJl ji Ciji »i*l^ 

, oi^iiJI j j* pU j s Jl JjjuJ , iO ^Jdi UUJi JuLl! IuLj 
J_p jljjTfl <Jb- J| JIS* jl* j_f fy /i OjiJ jjs i* Li^*- ( ^j J-* l*ji* 
(^jj^ ^] o_*Iu Gjj . ajj_>u 5^ Jl Ojlj* i^jjj iLLij 4*^> ,> J£ Jju 
Jlill jUH i^Ls cm UllSJt L-fll V U> &£* . T, P. V i^Cll ^L^JI &, 

ri i 

S^^ljyJI ^M, j. f Ly i ) jUW T, F, V oU>£iJ Ll^ ^J, ja^L jill 
*LkJl U* yLi P. A 7 »3 ^i J| ( ,1^11 ) jUII jLs ^itj . flUI Lj^l 

5Jj5 5Jum l>?I>> pUaj J_SJ jLJli j_>? v y^L (J i*l( 11a UL^yj 
iJbJi j.khJtj j_j ^Ualll jj-IjI) Ujuf LuiJl j^Ij Lub L^J jj^i; ^LHI 

iijji ui> js J 2Hi j^j . f, v h r u» jLi ^ of* f ^ ^^ *!>&• ^** 

. JJbJl sii J! jLill L^j J^ 
: illluJl <ib- JjfjJ laj>lJf oLii'i > ,j jP >i ^j iui' (i * ! luU lib'-Ji 5Ui 

jl Oljjjl ,^_JJ^^J ^*JI_) iij>Jl jjjLb fJ-a^J j* L *l£J (£/) U>Ul UliJI 

I 

5Jb* JljJ J^jJ jf| i-uLlj^l oljjjl !>_* UibJ lii* y>kltl OlkJi JJUVJ 

£[£ l+Lj*; ^i*j J i luLi^i lubJi ill: LjjL iLui iJL> jju J^i* . .lLui 
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( i*jlj*J1 ^I^jJJ JjVl jjiM ) ji* ^1 >i]l 



(i>t J^i Jmj JJUi ulbJi JtlSI ^ tfi\ Iji oS3j . fLLli JJiljJi utUi j*a; 



Vjl^*Jll^^jJJJjVloyLiJI 12-2 




JjUjij Sjl^*J| fa; oh L_.L1 "J5l* JI Jj dl j^&f ^>JI pjl^j I 35UJI 

. USW! !>i* jit g^l <Jj*uJ . iJ>ljJ! *»ttHj 

ijTfl J'Uu Uijj t I^IJI uLUl Ch 5j^ <^ ii-+ UU ^ »[L J£J 

[fl .^hA+J iiLall UlLil tJA . ijljiJI (> U^ *J[ k^W) L*-^' pUiJJJ iJAJ l*£ 

^ ULLJl ^UJJl jIjlj] IS!) ji ( fl&JJ UiUl IsLkJI ajUj (1) : ^LjL >LJ 
Uiii lijj , ^ iuaJI kdjll Ji W JJLlJl ^ u«S Ji* j-SJ ^b*i ^' 
LSILJ1 gjj i^ LJLs XJljiu,! jJ ijU JW ^iJl^ 12-1 JiiJb ™iyi jtlill' 



^ - j,,^ U jki Jj ^LiiJi *s ; JI ljj)j Lu jUUI jju: (UJ t ^JL>-iJl Cilfc "wli; 

jjjLjs Lj^y Lwlj jl.{>^ 4JI iii-ill 4JUJI ji JJjU-r Lub tllu jl U«wJ Ijjj 

. jl t^Llw jl 'JJJ-CJ Ijiil \ ij^Lj JaJI 



, flMlJi 



'attjijw^ft^ 



f'JjVl j^jWl Jitil ' 



s f Ml ytiji J ^ f 1tJi tUy , 



^d^k^U^jL^JjUUI,^ Q = tfJ+W (12-1) 

ii^jjj jlji y—it ij;>Ji ^jlu 

, JJJi «iil ihp yjiU yjtijjl iitiJ! (>iw 31U1 'Uj ^lil SjI> <Jt^3 )* Jj3< u^liH Ql Ja*^ 
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( s-jiyji if* Uuj j/ji ^liii ) & jiiai >*)i 




(') 



: jli A ^lii! iaJhJl i*U*Jl Oli l> 




i r LiuJI Jj ^Lill SjlyJI **S lib y Q «*•£!& - ^ SWjJI ^^ UaJI 
j_i if/ 0jj dJi5 . ill* Oj-£ Q Op f L^ 1 CH V 1 -^ ■j'.H 1 ^ (i i ^ 

liij . f ifcuji uj^ jji,ji jiiii ji^i iv u^ i f u*ii) y>ui sui ^ *jyi 

5UJ JlujLUl jLJ t ^i Ji^L^UU/l-m-u 12-2 Jiill ^ jUl jLi' 

: J /ii * ij^ifl IjW *i* jhfilj . lilt iii J$a jWi ^ ^ J^ 
jiill = ijj][ x **!$! x MS 6 

4* 

djhjJI pi 12-1 J^iiii ^j JL^lLy , h-\jj\ tjij aj*JI <*Ij ,j# iylj]l j* & sly> 
I^j^i Jy* y-Lfll ^i u^> ) F jjL; ^1*1 jj ^ Jb )U1I L* jJji jail 

Ua jIj^ J.I^Ii Jill I ^ As L» ; i iiLu JiJ J; ^LiJ> ^j>w LjIpj . { fyB 

: ^ jW 
flf=J"A*eofll8Q 9 =-FAs 

, LJL Jjtwijj J j Jul I JA&JI oj^ jUJI Luuj U& i jj[ 

. jLiJl wL> L^ j,yili J I ttjiJI jip ^(JjIaj Ja-SJIj Sjljxfl J iJbL Ulia-*i' 

Q O-j Ji uU j^ L-ijj o^ 1 U*l* y^N JjVi gjiliil .bio-! Ltt£q ^j 

Vj^i tapt^ iJWi j|is >tfl Jjjudi j^Ji ia-3 

^L5Ji lis jjj jL531 J«»j jUJI jl yijiilj , 12-2 Ji^Jtj ij^ y U^ \ *^j*iJ 
: ii%JU ilk*!) iiUjUl jj> iLli jIaII kw> JL iu»j 



(v) 



P .£. 



L^ 1 Ojj 



^LiU li^kJl "«.LJI 



jjjiJ 1 . (LUl jlill iL-ljj Jji^l JijJl jiljj . Ay ^^" l^'^' -^Jn! ^j- 1 JJJLi " 

: ^ ji HL*JI iji J ft = 0' J\ ii>j IP'iy cose ) 



Wiii *Jl_w Jiij* Jljialll y >CiiJ 

jjji lit j i l^jJL^I ^ liiJ .l^j 
Jlj-ajj u-ii>Jl Jj~»0 uijjii g^-*J 

>jUt i jj-J LJ — i Jail ftJjIjaJl ijliJl 



W = fAV (12-2) 
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( OjIpJl l^tL-iiJ J^l ijifiJl ) ji* jiliJI JjiJI 



I k*jll ji Jl5j UUJI JS Jij , CJ tlJL jUII 4k.ljf Jjj*ll JJUJl £# 

. .mi ^ itu JL jj 
jJl s^jjAil jjJJl ^i^J ^1 j-i Li L*_iJl ojjiJ jJ* jjaUJI jjl y^Wl &*} 
\fj J_i-iJI vL-> ^ UaII ojji yi> ^j 1 flfci^f** ]# jjpf $ {fa 
^JbjhLUl *k*ljj ) LvU Ji« Jiill oflj . W = PAV : iR^I hit- J 
^Lu ^1 U*l\ ^ jtull J^j ; ^IXCJI p»» ji >^ dU* $ LLLL ( f LtJl 

^_i JS jj JJLiJl ^U»i I»Le iLjii Jl LL^Ln t^Uy *vtf£> Iju* . **jJI Ljj 

j_S*jj . kjL^J[ LiLi oUL*JI j-JJiii t^j t *-<jlr*" ^y*L^^I ^LLaJi 

^jjl jje UiH J o< ^ j-i**K ^ J5* **J «&) . (12-3 Jii ) PV 
JUjJ LLJLe IJi d dJj . jUJLl 4Jw« J^Lp l^f*Lijj LlL> jliJi'V ^Iflfl 

. jlill )UI jyli *biO-t/ Sjljfcll WjJ uU» 6S4J jLii) V j P 
aIp jLi ^ L^uJ c^ik>* ^JL> u^ 12-3 Ji^Jl J B } A ^LUI 
jJiLJLuJlJJ^i? j]ALHj-*ij!ikiJiL,i ,P Jl =J } fi -PJwUll u * 
ii^JI —i^ kill &i jl» p+-Jl i>M J ^-^j ( jLitl *L* j^~ J[ t5-*r 
ij_»« jjJilJI &l ^LlJI jjj'il JwJ! rijjy . UUJl ji juill L^ iiM ^1 
A LbiuJl J^ajJ C>-^ ,L - ;| J! 4-L^ 1 SJ-* ji JjU) r | jA*Jj ■ A*«^ ^*» Ji* 
Lijlj* ' ;<;■!■;' <*L* l^ju JS JJ^ ^Sll oijLJI > jil+J V All, B tt£J1| 

■ 12-3 JSiltf ovijii Jwwll iiilj iJUi ltd Jiill v 1 -* ¥£ 0^1 pW >^ 

w s pAy=F(v s -v A ) 

^ . 

jjjSl j^JI UU. jl t AflUJI ^ *>UI ^ P(.V fl - V A ) J i>-J 
. A UUJ1 JJ B UW1 & LLi^l oluj j^ jUUl J $1 jij5^ . 12-3 JiiJL 
^ f ltifl ^1* Jj« JUJI J Jj j^ U* » LJJL . ff fl 0*} » AV 6^- S»k 

f li>i^l yij ^jjij^li ^ t ^ pJkiJl ojJ i>L[[ yi ii>j . <IWI t'a 
. (-) JL jl (+) jljj^ mJI ^ ljj L, lij-'iu Jjj i*A*Jl L^IT ijLtfll 



.ail tLiSi ^LlaJJl ikviji JjifJl JL1SI 



I'^-Pr) 




f ijjji j'j-h «^^ **i— 1 1 

[ r lWI *i™ijj Jjifll Jill 



\ 
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( ^IjfcJI IS^UyjU jji\ ty)IH ) ji* jjJllll >i)l 




(*VJ< 



t ^J-JI »UJI l^J* P, V, 7 oUfll j,«jb iJUJl si* JJ, J . 12-4 J£J1 ^3 AiJ 

j| A ^ IjUt Jjli. JjiJI Ji]l JiAtl jt^ , PiV ^ ilwJl i* .jjjjl 
Ji* 5_i L^ ^ jj£ ,y dj_j£e mJli jJ US" lA**i\ soj JJ jtuJI Ujiij t i(JS E 

tSy—Z J-»il| ^jj 4Ui5" IjJL) J5 JlL* Jiy jiJlj l OjauoH 4ja^i>JI tUljdlufl 9iA 

JjUl jJifl JJUll jp ^fj . L^ y*tid1 PV ^1*11 1 L^hJ ijw*JI UUl 



12-4 Jti 

^ „a n^ ^ sI^-ji : o> ^a-* 0S*j . ( g*Ji &£! 1^ ^w *>ui ) if j] 

CLhl [jj_-a>Jl LfLJl JiIjj ijj^ LIuIaiJiJI iJUJl jJAJ 4jjl Jjjjal Jii)! 

, PV ^iLJI ^[ ^j ^Wl ^b,* 

j ■■ii". jj UJLj 



12-1 j*jjjj Jii* 

ijlj-> Wjj >JB diii i 12-5 JtUL jjijii ^Lffli Jb l^j; jBrtl oi^l 
t ^LkiU PV ^iUi ^Jl u-yjl ii^g jUJi ^1 i^ fcijLAi ^ jUJl 
A UU\ ,> iJl^l jd^ jWI iid^ JjiJ! JiiJI j*J . u. 12-5 JiJJ^j ^.Ij 

■CJJZJJ! 



! 






:12-5^ 
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(I) 



( i,jj>i\ iij*MJ JjVi a$>m ) > ^dJi j**ji 



(5.0 x 10 fi Pa) [(800 - 500) x 1G" 8 m a ] F = 150 J 
, JilU, , [ (1 Pa)(lm>) = 1 N . m = 1J 6|a pS o*j ; 1 Pa = 1 N/ni* ;,iM ] 

(.2.0 x IF P&X20Q x 10 "mJ)+J (3,0 x 10° P&X200 x 10" s m ;) ) = 70 J 

_j OJ^Ul Jib UJ J™?1* ui-i Vjjl— iJ illll i>U» -}\ 4i*U LfctULtfl lIijl* 

PV ^ix^l o>i b-lJH = 150 J + 70 J = 220J 

pn Ik^ J^jJI J^JI J ^JLJ l^ii i&j . LJL- o& jWI tt^j* JjW 1 

. -220 J ^U £ 4JUJU Ijj^ C Jl A SJbJl ^ <Jfol ji* 

J* LJL**U PV ^UJi p-jll o^ lij jUM ttJy JiJyJi j*AJ' jlA I* ; jj> 

, -IflO J : lfof\ V C Jj A j* f*5-« ^ ijr* 

jia3 PV ^LjJI |«,jll J S^lj*Jl WUiM 1 ^LL* 10 ^ MjW «*** !i b 
i>Ull L^Ajji; Ll£» t ik^l ^jo*J c/H*li jiljii^L l^L> ^ ^ ol>U 
Mjjyll obujJl x* *-S ^U f-j <lj| ^ <iWl |"jj ji*^l ^**^ ajj^ixJI 



^1* **LJ JLL jUJ iiJ53l LJiaiilfl LSj*JI iSU* &i ^iUJI J^ill J l«I* 

: jWl ijlj* i* ;J 

KE =JV(KE)=m^D-n(-iir) (1-10) 

Irani '12 



LililJl ui^lj KBuh W^l ^j*Jl *»lt Dm W- 11 3SWI f*i I** ^ u 
^^ -445- -* 



( *Jjl_pJI lijjLyoD Jj^l JjjIiJI ) jitf jJIjJI Jwwl'l 






dJi jie tUy . *LjM iiyJl UU. J^-> jy.1 yi-lj izjQUi LJ ^ 
LiUi ojl— J 1-4*1 J LslkJl J jLitl _ OjUl i^jb-l oljUdl 4JU ^ . Llil*j 

; 4S3UJJ UJ= <«AMJ 
i[/=|^AT (12-3) 

Ujiii iijiJi J i2j , -^\nyi\ oUiJi ji itu^ ^jjJij LjijjJi j«swi 

jjLaJl J^.oli-jifJl ui Jll jSlUI jj-fll r y jLJ dJj jie ijbUj . tjjjjJl 

■iljLdl Lll* ^ Li*J &* ^1 yjlr ( $5* Jfl j&ti oi_,j ii^j > Hjfti ) 

^ o5jll oli^>JJ i^LjijJi iiilill jiJj s |J jJI i*;j ^ii jis Sjiil ^->L>l 
UjIj ^£w U LliUl iJtkil ^1 oju .ui dJJ *jj . jjili Iji ^sIjaI ,>j juj 

jj U . 4^LJ (12-3) *)jUl ^t*. ilij k 5^1 ljjL>i ^IjUU ff = 3 t !&i 

^ j^ Ulilf oljUII px^J U iJ>ljJi ullall J (12-3) iJjWl 6i ^*iU 
ul UjS^ dJjjj . Liuj LIU jiili j* EJ oj* ^l*j . T^Lii j>Ij yi> ^ 

ijlj>JI jJ^-jJ ji* ij^yi iilWl J jjiiJl Juiw , Jili jl* Jl UL> ^Ju; L±Jt 
. Jliil jtill 5JU Ljj ^S3 jlJl IUI m2 jle ^j ^ J«J ^l#JJIj i^^^ 



j,i ilJ3 ijUl J oUj^^lUIj *Ujpj^Jtj i.Ui/iJ^L Uuijll LiilJl iJUl LlL*l * 
. |1^ iJLJl ljlj*J( olf-jj & ^J i-^-*' yp II si* yiWJ UlUl iUJ- jj OljfUJl 

. j^ll lit j* '+u ^,LuJ J ^Ij 
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( SjfjIjiJI liwlLJU Jjfo ijJBJJ } ^ jitill ,W 



yBlliljUUylLpjJIjlijIj^ltjSjIjsJiJiaLl 12-5 



^kUjttl JwUB jJs i LiU; jAiJli i 4Jj ji 3UJ! Jl USUI 5jlj*i1 ^ o«w 
..■ J J. .1 1 ^ ^U*5 sJL*j .. ( pLUJ *JL> <J!j cj-J Q i>li 'J+Jj ) . 5jA*j-al 
oUWl : Lu) 4ljf-Ji ^y*-^* s/V* ^j 1 ^ 1 J^ 1 v^ L^ C^ j^ 

jIji ^j UUi Sjl/JI jl ijl^l l***M Jj^i ^ UjAjj . ( AV = jS ) 

3ji_H LjUi o1)Ui "*iU J AT j Ai7 fef &W gi (12-3) a»M > |J* ^J 
M jjijjji ^u iftJI J^1*J UJi^s i Uej . AU = ^tiKAT jj^all J* 0j£ 

jj 

: U>Wl AT 4Jjtj» l*y ^ gJUIl >sJlj $ }Ui! J| 

0= Ai7--n^AT 

* 2 

^UCwUl L*S^J - ( 11-1*JjWI) IL-JI aiSmij> { c = Q ^ m 4T "LA 

3^*11 L#yi\ ijljjJI J-^ U^y ^ oy . *tyU oljUll iJU ji SjLs 

C= %- (12-0 

nAT 

JUi^l ULfl fy ^ JLM«J L^ifl lift jl i*>j . jttR 04 CjljJl JJli n i*> 

, ^oJl ^U ol^Uail *Jl* j* c v rJ l fJ>*-i- liiji 
$1 ^^Uj 1 Q = -idtoT J jl*^ (I3W0 ) (12-3) &1M\ r IJ*3-Vj 
: 4^1 iUJl ifyUI ^1* >>^ (12-5) *JjI*1I jj ij*>^l $M (i * 

( ijjjj ojUI 0I3UII j C T « |fl 
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( *o'W ^**M Jjjfl jjiUIl ) p. ^LUI j^)| 



r -k r 

L,U5 ^ dJj ^ *Lij , ki^j m^ 4_J«JI y W = P AV ^ (LL liL 

: iLiw jUil jUII ijilj $ ISfBP;^ L,^ 

PAY*b&AT 

C/,1^1 0J J i* LLj>j| ^yj| y^, j^- ( Cv ^ .; ^ ^ 

_ M! _rtRAT « D 



! OJJ > j\X\ £y Jt Ufa 1 i^ji 6ii J ^ 

= ( iu 12 1 jiiii ^j ^ £ } ^ jWl -j^, ^ ^ .^ ^ 

■ i 

Vp 

7- f - (12-7) 
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( bj\yJ\ ISjjUj J JjVl ±yffl ) r# jitiW J+& 



aljUt! LdttJIj Sjuj*)l lisjiJI 5jlj*JI : 12^1 Jjj* 



v«(Jikg.K) 




C P 

Y = — - 


R 


T 


)WI 


3 P 1UU 


0,99 


[M 


2.49 


1.50 


He 


«20 


0.96 


164 


2.46 


1.50 


Ke 


310 


[M 


1.67 


2.50 


1.50 


Ar 


150 


1.02 


1.68 


2M 


1.50 


Kr 


95 


0.99 


1.66 


fi.49 


1.50 


Xe 


62 


1.00 


Iffl 


2.50 


liO 


Hg OWC) 


650 


1.00 


L40 


3.19 


2.48 


o 2 


740 


1.00 


1.40 


3.4S 


2.48 


N 2 


10,000 


0.99 


L41 


359 


2.40 


& 


730 


1,02 


1.41 


3.48 


2.46 


CO 


810 


1,03 


1.41 


3.54 


2.51 


HC1 


640 


1.00 


1.30 


4.37 


w 


CO., 


1,500 


1,00 


1.31 


4.2a 


3J$ 1 


ip^iwt'i 


1,690 


1.00 


1.31 


4.24 


3.21 


CH, 



. Ji j*i jl* ^ J L oljWI ^j+*J 15 'C i^-jJ Jit 

l^Ui ill) i &j,jJi 4jjUi ^i;UU y* 1.67 J k> ;' . oljW! .>« J&d T^ffe 
oljWJ y fc* OM ^^ ' y = f /f = U67 jjt (12-7) JJjUIL tLUI L^WI 
3LLJI LJu^jLu J jj ( jLs JJJ A' Ua V U*J Lpbtt-I ^ j^l 

jLi L^jll *U<>*U Ll-JL Li , Jf = 5u1 yJ4 'J-»j ■ T= l- 4fl = J 0' 

^i ^j[ dJJ ,> *jiul . K = 6 ^fcttf y <4"W^ **#' 6ii j ■ V = 13 " f 
Jl ^jj-l i^j jy*j uij-j 'i* ! **** J J* K" l)4 ^Lj bU*Sj3 U jjj3 *jj*jJ1 



£^ oljUU lm3j/jJ»JI (tfjf^ Ijfi&M & 1 *" 1 ! oliUll cvJ jil jLi>L5\ 

£tA =1 J Cp - Cv .fl 
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( Oji^ji \u\ya j^i ^m ) /* ^uji j^iii 



13-2 j^t^y J 11* 

Hfi ^jijiJl )Lc |> 2.00 moles s^ i*jj *J^ i*pUI V^l 1^ ,_wl 

, cOj jjjjjSJi j^si jib jw ^u*n ji* _^s . iAtfsJi 

: ^4 Jijli 11* ji ILJjli c/sbUil 

Q = «C V A2 1 : ( i ) »j*JJ L-JJL 

Q = nC F AT : ( V p_^JjLJL 

rh JL*Jl DL> J C> = 2,49 tf j C v » 1.G0 R &1 j^ 12 I Jp*I! Jj p?^ 

: mJ+JI JJ u-JL i j)i . He 

Q = (2.00 moI)(l.G0)(8.315 J/moLC 5 XS.<M) B C) = 748 J ( I ) 

Q = (2.00 mol)(2.49)(8.315 3fod,GW.0*C) = 1240 J ( V ) 

UUjJl iji^JI W i| 6JJ d!]j ^ . ACT = 748 J : iJnl ll»lj 4*1>UI ^LLJ! 

gtj lii»j . Cp = 4.37 R j C v = 3,37 R $ u^ j*-s1 ^G 3k> ^ Li 

'3.371 



S 



lJiO 



745 J) =1630 J 



■(|f£r 



I) 



w 



, a^^JL-f — It LJU jJ O^ j-ii iLjfci JjU; ^j i JJwJl tUJl Ji*Jl JiuJ U-tiil 



. iLaJ Li i ■'Jl.'i (-lyj-l ui^ j ^-k"'- 

i 

*>*JI ijjlj LJU*)! ^Jl jj_LJU*J( jjjjUt Jji , 4JuD OjljjJl LiwLyJi i^UiH 
_a _-jIj ii_>j J_U LiLJi a jjj l ( ibj ji'jujj jl LLaJL iiU>! jd_J JJlj ) 
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( Ljlj*J1 li^L^jOJ JjVl Ojifll ) j& j&\ >JJI 









/ 



( I yiL_fL,J lid ) ^L,^l iiUUI 



/ 



: 12-6 JSJ 



1 




\... 






\ 


.' 




I 


\ 




g^ 








(I) 



( ^WjJ>yVl ) fljlj*M i>jJ frti i«W1 
*Jjl_y> 4%jJ ouJ Jj> »'J*Jl «JL> Oj^ju IJJ l^jij^l 4^i*«Jl l>I JlJ-J 



Oj-i yS) Litf i* jJ; !i-L r UiJjl ^ ^j*J ^1 o\jpH ii >jtij PV ^1*111 r 



W^l,-,^ 



ibJ IjI iifi .IDl i|j>I JS ji ^JjGia ijl^JI j^jjjjsiall 
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( ijjj>)\ lSj*li;jH jjt\ ,yili]| ) jfr j\j}\ JjiJI 



: »jj™nJl Jl Jjlll iiy'iiJl Jj>Ij iJbJl tin jij . ^»j3)mill 

Jk jLi ,> ^ jU jj^- *Uj i 12-6 jlill Ji^j . I^mJI k*)H j] ijljfti 

, Ajii iJmj -u*> JJ^j jliJl law jljjj Jj- j*l^ll jk Jgl£ ^ Jlill 
L^U IjIjJm jjL-u PV V/ iJl J*U gj ^1* j4i j^ 1 ;WI ty$ J AP-i 
sUJl V w lj-ii* ^^ ^ J cM^ j-^t 'J* ill!* ' Sjlj^-Jl l>jj c^ Jit 

PV= constant 

: *l 

{ Jttll jW!j ^jjj-jill 4iU ) P = ^^ (12-9) 

**jj\ ^ ( *jJ>vl j**j ifJJlj ) i^ji^Tfl oiwJl jl* \i±*Z iJjLJI itli 

ojijjl U5 -Lji Li* k>)b ji v-*uj . i-i 12-6 JliJb ^jllj j PV ^1*11 

i^j-u'iHi i iiLuli>^ll iijoj Jl v*iJlj 4Aiy j*j Uif , (ijjj-jj Jl *jij> 3j*jJ 

, Ai? fo$ ^Tll 4* j^l *jlj> i^jJ Ji*i v rt-$ Jiill ^ A'iJ 1 ^1 

vj mi ^ii^i j^i jjj yswi «i* jbui ^ ity . J*^'j j-^ 1 ^ 1 ^^ 

- g^je jji-V '■*** -UUjJI U^l h J ^ u ^ ' j,^ 1 '-4-J 

( JUJ.I jUJ^ ^^^fl U-IJ ) W = ffifiT In 7 

i 

^(4^1 yU«ji u* v t _, v, * pij—iSu uiui 5y jtaJ ji Ujj jj r *iL4» 
1 <> ji*l j^ jl in &1 Jj . u^ji ya|L ^i ^ ^y i ^afi ij* J 
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{ AjjI^JI litfllull Jfi\ ^ISII ) ji« jilfll >iJI 



. J_ybUjl oLsltt »LiJl J3-IJ w'i>J jl'l oLLutll ,u> ,'jj£j hLL'Lj . L+jjj 

jli 1 ( !Ui jUJ &jj^JI ^iUxJi tUJfSftf ) UjIs U^ U«J1 oyj>l i;i Jii5 

. Uj ^j^jI ljjSj 4UJI db jJj ^Uj . I+JL*| ^ i^ Ia> 
tii jJ* k L^LLO'I oUI+jJI ^ Q = J ^fb ijf L^Lj .ill j ^ tQj 

: djjJI (J = AU + W JjiH ujilill i>^ 4JWI 

( ^bbjS'l oLUU ) At/ = - W (12-10) 

* iJi-Ul H-tfJ) Jij J *V ift^ ^ fllwA -JJJ Ijj *il U £#2 3SWI «* 
JjJI &Li IJj Ul , Lii-I Jl lilUI ljLj. jJ* Hi* Jj_* JJLi]l $ ilJSj 

f p 

J^-j I Lb . SJWl ci_* y ibjJ LliljJl OlkJl jji •ligyJl ^ IjLi ^.1*1 ?! 

o'-UU ^jU ^liii-ii ^ 12-1 JUllj 12-3 jj^ijill Jlili ji J*z 

. j*«i)i u^ jtiJi juu ^ll^i d>ui <^b^ bji $1 ul . ^ifjVi 

Py = nflF tyiUII LTC* i*sU*& LUli J-^>: II jLili )UJI <Jl> ^ 

jJ 6jj . <J^}\ lU$\ L^^- j^ (P, V, T) 4J^J1 "JWI liljjii* &S mp-j 

j-iJjj , 4_ubbj j! OuluJl ubv J CjIjjuI! iJJ jjjij ^jj i^A' 'UJW bVJj 

djLj jJ 4_L£L Jiu-u jUJi jl* JjLlI JJL^I ^ *L>5bv UjbJl ill Jo£J 
ojlj-*. H_>jj yJ Ujj^ v^y y>ijJI oLbJi jJ Jjbjl eitj . 4jl>U oLWi 
JJ iJLUl LiLiL jjaIp ^l ^^Im SjljjJl i*,; : J ^i\ lii ^ ^ , jUll 

L*-jJ _3 >JjJlj JJj_>J1 Lu5 ^j_; 4J1U jLj^j tjiill ,> 4jL> »j ,^-j . iliuJl 

jj-* JUdl jLiJl Ul* jjj , Lajbbj^l UjuJI *JU jj jl> JiiJlj 3jl^ r l 

: Ij^II I^jiJJ Jl _i»uiili i m*LV| lid L tjjw 

: $ P t > y t 1 r a Ji ? i - Vi p r, (> iJLLji LLu J1S« ;Li Ub> oj^ IJ] 

ji liu^j ' ^ - constant/ V ij^aJi it ijjbLj^i ii*)UJi to* Lb£ jii/j 
-J L« f^i J±jcij L^ULjil I_iL*Jl ji V jjLjj JL ? j Is . liilj 7> 1 

. 12" 7 J&JL ^^ Ikj. t P* constant / V ^^s LWi 

; 1MJ^ 

t ^LilJi lla-J^ ( L^b.^' p lMJ ) '^ *I^Jl J*wy J_yjjJ I uyx *^l Jwl ^J 
, y-jS^i i^^J* 1 ■ 'J^ 1 o! **- i J^- 11 J! ^^^ Cjj j 6jW j yy ^^^ *^^ "^j-^ 




^^^' 



(4^)1 
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ijj* L**i ;_ ll^lj 1*^ ^L^l t**> ^, ^ ,1^1 u^ ^UJI ji 

ijf^j ^jj P, = 1.0 atm jIIjlIII J»jJ| tf£ u|| , j^js/jfi ^ ^ ^ 

. ^Lil^i r, s^i ^jj f 2 Luj| ^] , f { = 37.6^0 i^^i 

* LfcLoSi ^M ji* jJ^ Jill i>tfl ji L : Jlj* 
: LLtf U^w jjy t W* seaestaiti ■ ^L>Vl 

y = 1,40 of j~ 12-1 Jjj^JI Jj ^Lj , (V, = Vi/15) <JLJL SUUu ^^ 
L^i 4Uj > ,Ug . j^yi y ^jj ^l gtydl U* v N, j Oj ^ Ji! 

j±j ^i ! f f "irtS ji, T, jl^)' JUUI jbui ^!i r i4|^| ■& j£ , j|^ 
"^ j* M { i Wl <## f'J-^ 1 ^ jjtll lii ,> rj/JJ i^> kJ : Lb-VI 

n.Wt 

. iiiyi 

J^jl ($)M V L*J , r v ^UJ] jjU j;ji>j l^b* ill .US&j y^ , ^u^ij j^ji 

: i>-! - 44-3 yfc J«i, toij i - j-bill i^j 1.4 ^oj jd r v Jji *ut j 15 

^ = iU&W} m 44,3 atni = 4.48 x 10* ?9 

Pi* ft ^P -^ = 2.M (T,) = 2.95(300 K) = 886 K - R ! K 

■ 'W flP ^> J^ "^^ i*j>4 ^^ Sjl>> i*jJ iiij 
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{ ^jljjJl liwLijjJJ jji\ ijiliJl ) ji* ^UJI Jjil 



1/15 Djji a^o- jl LjjjjujI jUUIisjLi? Ijj -jLjJJI JijujJI 4jjJ jj£Lj IjL* : jJ_>jj 

, 15 atm : '<U>1\ V JljLVl 



Q = MJ + PAV hMT PAV nC P dT AorVffl) - L , 



2 



^4^1 



2 =*nJfoT 



2 



<? = * ° ntf^ nflTln^ T(orPV) ^ 

JjVl jjiliJl^UuJil 12-7 

oL» *_jLi> Lj_jj (j^! *J^ ^ ( 3^ ^U* 4jyjt LiSL; j*)j . tJJ j U f j Q e$|l 
J ';'■] . OuL.*. iJ l b'x* wLliJj t ju jjj 12-2 Jj^aJl JitJj i 4j*f-*J lii^uJi LjLaU 

jj LJ*c L^ A(7 j W j Q wjLk* Jc ijjill LjL^'f J idjjll ila ^3 Lilaii i>i 

Ijj Li . ^OJI ttU! ^21 V L> {& +j j*55l jl jL^J Li&i Ijli . L^ J*Uti 

; ^1 flyl UiUi PV jiyi ^i ^i 4fi Jl* jU ijj- ji LUI Jl*j LI ^ki 

CjLS Gjj , AE jUil ^ ytjli i>Ul jj^u, llUb (fl^ ) JA^JI Jbs-J £& - 1 

oliiit 'lIA ..nt 'wjLf-* J] JiLi jikiJl 4jjt yL) i JjjXL™iJ?ik» jj lj«A4 Ad 

p i , 'Uji — Li ■•>■"■ 1 1 ■ ij ^ '-;* l;"'^'- i)1_u AS ,jli Ijj Ll , -ilULuLu t\ 

i Lbl] jl j JUL* jl ^jlj-*- 5— ifjj jLj^J u-£«j i 3Jlill liljUJl iJL* ji- 2 
J io>j , r fl j Pj, v^ A( iji t JtUl jUJI (j>l3 ;> ( PV ^Jy I p-jli 
jkU* J^Uj Jj t 4JUJI L* jjjffl jjJ! UmJI jls Aw*: V U*lil yLUi 
: (12-3) 3JjUI (> Af/ ^Ll* l^i*j t B j A ^jitijjl Ju* Bjl_pJk ^jj 

( jUJI jjb.! jUU ) &V-'±nR(T B -T A ) 

fr AJliiii 3jly>Jl 6rW^J JjjJ* . ( 12-1 4JjUil ) Jjil ij^UJI ^ai-i-t 0^4 - ^ 

: Q AB i LUIl dill jUJi jj ji 
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( y^ti i^m jjn ^w ) yu ^ l ^j I 






. ( *u j jUSi ^ Vj^ jAiil 6 |£ p{ J| iiL« 3^1 ^Li' ijj h+u 
Oj-i U^j jLill Uwfjj ijjji, jji^jj ^ Uj ^ ^xj£ 5^JL-JI ijLtTll U 



: 12 2Jiid 

i (ptjfe^ itafll ( i ) ; l$\ **UH ji- AC/ j Wf.Q & '$£ : ^*l 
. 12-ft JiiJL bJj. i^Ji oUWl t j , ^ii^i p^Ji ^ y u j| j 



(M4.3 atmVi 



S Htm - 






I aim 




i LJ dtli* JV Jluil 

o^j . UL^U yj^J 5jlj_»JI ^y lUe U] At/ V L* ^ : g^ft 

b-Ul jb*b jf dJl^ L.UJI Liyi iJjUIl r lii^L U] JiiJI i*U Lli 

Q to*: &* ^ Jfll b yW ^ pv jy\ r j\ jpu ^ 
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( LJ jJI li-M JjVl tylffll ) > ^HJI J«Jl 



. oibJI J5 ^ jUit jWtt ^ a |nff (T a -T, ) : U$l 

jJe tUj , { 12-1 Jjij>Jl lm ) Y = 1.67 ^* s »jJN ^ j^v s>^ J^ 1 

: j j*^ Jj 

P t * P, ( T ) 1ST = aim) (14,7)- 14,7 atm 



AJJJ 



P V 



T 

y Ul* J* J U>IJI olkJl ji yiJi Ij^W.rJtjw 

■ LbA 

tXfn | riR\T 

= $ (1 mol)[8,3 14 J/mitLK} (882 K 300 K) = +7260 J 

. \T = £i At/ = ; ,/ji^J ULil!)U (u) 

/iff-- I (1 mol)(8.3l4 J/™LK}(20 K- 300 K) - 34SU J 

SflU # j JjV 1 lM 1 j^" j^ 1 ^^ UJ1 j* L : Jl >* 
■ ftl j*i 12-2 Ju*|l ^* : AjUVI 



(^^iWaiauj Rr«hBflt«j! 



(v) 



i 



; (1) (8.314 J/moi.K) (3QU KJlttf 7) '■ -4010 J 
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( i*Jj*l\ li^MUj^l tyittll ) ji* JM Jj*H 



b (]) (8.314 J/mol.K) (20 K - 3G0K) = -2330 J 
f jjlyJl JtitfSi a^Lu ^ L. : Jijj 

■JLb^l 

( djLf^Sl i-li^J ) Q = AC/ + ( jjL^i kL^W ) W (j.) 

= At; + ^av = At/ + ft/?ir 

= -3190 J + (-2330 J) = -5820 J 
.-.JjUMJ* JjiJl JJLiJI jjLj Sjlj^Ji 



: 12-3J^ 

■Li ^ ^S jie la 9 JUJb ix^jll dHC Ljl_pJl LWull iJLuJI <^*i 
bjljjJI U*ij JjijJl jAAtlj JS^bfl UIWI ./ j&\ & . 2 mol bjJ j^l 

,^<L:jjv,t:,„i 

! l|i3iU* &U\ gjH oLJWi ii ji AflC LjU-Jt J* : JIJ^ 
sl> jL (fcLs ^ W J Q jk* jSII ^Ul o^jWl o* tf ji ij ^ : S^tl 

, iJLuJI 
* Jji.li J-i-iJl &!* o^i. uLS ; Jl>* 

? ABC jUil ism* ijj**iJI **L1I ^ Ij : Jl)rf 
JjKrri l WU* *£lj ABC j4&% dJlil i*U JjLj L£ll *>Ui : ^1 

, AC 1*11 ct>j ^'1 
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( Lfjij*H IS^jJJ JjVl ujiliU ) /* jM J^ifl 



i*Ul »?■ | C0.2D0 atmXSO.O liters) + (0.500 atm)<50.0 litres) 

3d 

ji ( AV < ) LLi^l L^ IJWI oiLS ijl U LU5U ; ij^l 
Ls ^ >_j ^Ui Ji^ til jl i iJUJl ri* ji J4*l. jWi ftl i>*y - ( AV>0 ) 

f it/ uL* ^Sjj JL}£ ( iiy-u iii-ijl IjL*JI &Ja ji l^j : J'}-* 

. Jliil jUII ill* J f dWT liilj 

yU^J i^1*Jl Uu,L JJ J^l ijiiai f I.A3J ^ ACT j W jU,J j» : Lb^l 



^(Uiii 



.MM) mn 



:12-9 Jii 

jJ ABC i Jjl^aJl ULuUjjA lM 




40,0 libera Wiltitm 



fii 481.2 ate .liters +318CM 



T, - 



P*V, 



A y A 



(0.500 atm)(4Q.O liter) 



nR (2.00 molXO.0820 aim liter/ mol.Kj 
= 122 K 





: tf « ft = 


frj 


kil*> J , 


( "^Ll 


li/U^jJ^ i? 


jU>lWi) 




&--1* 


Va ' 


-U22K) 


so.o _ 

40.0 " 


274 K 
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t^ 






(1) 




:12-10 JU 

jliJl Ji*lj Jj« ( i ) tj^ yi L^ 
J^L-J f ¥ ) ^j-jJl j-J . £ljlS jj 

y-ltl j-J U^M jiijj d^ <U 

j>i i_Jl* y yi . jlill iuZ *Lui 



:^3 

it? = £(2.00 md)<8.314 J/mol.K} (274 K - 122 K) = t 3790 J 

: IV j MI jjU ilftJl 5^*11 4^ $ Jj^l o^UIJ lii, 
Q = +3790 J + 3160 J* +695(1 J 

. iiW) ilijl jWl Jj iiUll ijjlpjj II^ ^ m*j 



tj^'i jjj 4 u*i>l ^^ i^j ji lLl» V^ itij i 12-10 j_ui ji* 

fj-i* ^i Ll^» jaS'^i j'_jUJ1 *^Jf J i JU JwU ju»m jl* J* .i jjuLsJI JUl 

Ljjjl^j! jUJl Jill; iii*j 0*)*Jl J£ J"^ 1 j'bX=vJ< V Jj,JfciJ O^i Cuitf . Li*; 

;j l^jSJi (y) , jUli »jtj> i*j ^ ^"LJi jjSSH J« ( I J'/Ujill tyjAJI ^ 

li* j-i-l ^ 4_ll*j JU luLJ c*v JjUj Jj > Vi ijLu joiJl JUl J I 

, JjQl jjij> t^y j^u ,J*> . JljiJI J BJiu 

jl ljiiu> buj J^> jUJl L+i jj^ ^jJj 4JU1 si* Jia ^ , jm, jvaiiil 

j)l) 1 4jJLLj1 ixL^II ajj* £| iu>j , !ii?JL Jul^JI Jffi&l <J.t £ 1 . jLj yd J 

, 3W1 ^ jjiii jijji y w <^> 1 iu = -w oi j*. j/*i ^iim 
&H dJij » gjjui jj djj^ 'UJi iu Jjju ^ jiiii }Uii J JjSli jjjj* im*j 

jvlilJ Ui> j.!* Ijjj . PilV = jjj . ly*? tijUj jjj^i ,jlL jili .Ll^i 
•j't* *^J j ^P ' T - u CjI ^-*j ■ tf* V )UJJ iJ>ijji oWl jl J^l 

JjlyJI jj ^jU 5L^Jll will itili Ijl IjgS li^ii! ij^jjl JliiJ J r (u) 
jjJL ijLil jjji jl (iijj*j , jj_^yi J (jb^iJli' * f lyJl ^i Lijiw jti. ^»a]J Jl 

jju« jl ^ jAJ]f ijl^ JiUl j*Lu ji tfl aJJ , jUv JJ JL > IJ^Ji tfl 
ujW LJIWl jal^ j! jAij II JiLJf jli L^bLji iXJ! ^ l^ , yy ,'i 
j#i^ 0' -^ JjL-J 1 <> "J i*jJJ Utf >>^ ftjPjJ- ill « ^*j » *il>Ji ,> jjijiL 1 
LSj> oQ» k.ji, Jij ji J j ^ ytfy . M! = -mL v JiU <J>ljJI uLkll ^ 
JiLJI Bjljj- i^-jj ,> Jjl tujjj" jLJl jjl^* l*jj j|i 4jkj 1 jj^jl iUJI aljyj^Jl 
, j^jJI *ijuf d>i>J Jl irjJl LLc ^ a* Jl <u*i IJAi „ JLs^l 
^ ^Js JL«^ — ,1 juJU juLij U frjUiJi si^i ULoll 4ja*Vl jf-il j_.j 

jJU ^jJaLS.'i J_J jjij dWj , Jtf JmL£ tliJv JiL ii L j_jl*J Jl i^VjrfJkfVl 
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( Ljl^JI l%UtfJ Jj^l ,yil*)l ) j& yitiJI J*i)l 



■ ll* I>h£ u>^ JL>JI jjai y> r^i jyjJ! ^ib oLJ ■ tij)\ ^ ^j lSj^ 1 

LJLt ji^u ijj> \Zi\i jIjj JLrtlJ *j> I JI>JIj Jsi-aJi Jy^ S^ 1 H'^'j 

I I ■ f 

U^JI lJ^j Sj4~»i JjJj ji Lw t jyjj-iJl' Djf*l /u«? J*^ ^Ll j* t l^> 
^UuiiJu i^_^1 si* JU S-isULs JjlSJ J^j li* , tatjJil c*U^J(j o^^lj 

, Uj** *Tfl> ^i ybbjSl jiJi *&i j^ gl o^u 4jIj Jlili p\ iji 2*>lj 

^1 &LS liLi , v 12-10 j£i)L &*, j» l-S ■ JSj*D J^Ls ylA f &-M 

jlj i jli-Ji ^ uaJI jJ LiuJI ^ Jjl L(i & *ljA ^ic lij^ *b]Jl (> ^_jk [ l 



:tyj>jfc<*>j 1SH* 



Sjlj^ll i^jj J* oljUJO c^/^ 1 Aft*j3fl "j*oW J ^' 
•pi vjI>1 vm uljttltQ j c v & ji) Lftli piii ji 1^5 ^iJi ^ M 

3jiJ! l^JW oljUJJ 0^^>J ( l*?j|^II &l 3-?>*^J' o^Jl jji Ji ^ . ij^ 1 

a 4J ijjjl JjL*l jUII ji dJi ^iuj , p\ 4y* ol^jJw i5j>U *Ja-ll oLiUl 
*^ jJ* ^Luoll i^JiiJI \^w ^Lw |.j£w U;|i Llu^JI oljUll i^JWj 

i^itbOi !JiJiL*4 yjjy^ Jj* O'jj^ 1 k^*t H 2 i^rt-JJ- 1 *^ 1 3}>S Sj^ 1 "^ 
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( ^jlj*J1 li^M Jj^l ^ilill ) & jM jdiJI 



:12-11 jsi 

^^i iyta u_i 7(i/?r ) JjL-i 

2 * 2 > 2 * 

E = ■±*7+±Ji7 , + -tr-- W 
2 2 2 2 

$ y 2 * 

2 2 

i i#jjii 1^ Ufcjj (_») 

I r J o 



,/ 



'/' 



h 



1 



(It 



»» 

(.2, 






M 



A/ 




X 



r^V 







W 



UUall L_j*Lj ^Li jJ ill! u_iJLJl "i— >vkJ LiiLi l ijj-^jill <>ij J-j»1 Jl iuJl pu 

VJJJJ jj-» ■il) J Jui i}54-£} , -kT iSjLj ^tj>J <4j^ WjJ l^4 ii^J^I 

i_jj£u LfiSJ i^Jlj Ojij . ^uij iilLj 4ij> AJUs lSJ^JJ (jl jJuy y^jiJI ]j# iluljJI 

. y-AT JjLJ 4ji_ij iilkj l5)*JI Hp iiL fr JS'LjjIi ^i JjLill ij_Lall< 

oljyj*JJ <il>IJI AjlUf gL Llu i&JJlfll V>iH ji JjUl U&* JJ jl* ^j 

i ( 12-11 J&JI jfeil ) is-jSlI J&frJ&i-kT i5jU (jill iiia i^ 1 

: n moles <ll> ^3 jjj 



2 



4j*J 



t,*^+»»|il 



C, -iff 



ji^cJi |_utf i_i> t 12-5 pJJI ^i *j*iJI tf j*jH J&* jaJ6 QiiiL. $ 
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( <bjij»ji u^M JjVi #M ) ^ J»w j**ji 



jjjjl L,jUI suijUJl LIU jJi , o,yJi tfUJI ^ "^jLVI 1*1*11 jUJl L,> 
Sjjj! lul^ ^IjLilJ L_JL Ul . L^l *■ ^ Ioju ( y = G/3 = 1.67 i JT = 3 
o^JL ct^ ^flj t f -OT = 158 i Jf«7 ^ Lis *&d£l Z^Wl oj* 
jl jj jaJj Ijjij . ijjjl v'JJ oljWi ^U ( 12-1 Jji*Jl ) y= L4 ji WUJi 
S 4 j fr-,'H£JI lijlaJI ^jLi; (jl sji JijJ^j , £E*"5) J«i L**i- Lj^Ji c-Ujj j^ 

Ljlill LJLull LjyiJl jLJ : »jlj*Jf l*jJ ^ 0^*^" C^jb* 1 " J '"" i '' ^ H'J 1 



:12-1SJ11 

jLJ] C v L_j6p SjljaJ] ^UH fM 

L_j.jj yi lM ijiH yJLy L*jji^ 



3R 



)K 



Cu 



iK 



R 



10 



= ■■ f * 

( * 

zizfzzz: 



25 50 75 100 250 5007501000 2500 SOQOK 

J_£-iJi ^ H 2 &j*t3^fJl cjii^- ,> uj5J jW LM ^tiJl $1 ^^ 
50 K Jlj^ ^ J^ jSJl V^J' ^jJ C^ H ^ b*}^ P ty £|l 12-12 
^i (C v - 5/2 fi) ^ ; ijiJl ^jUI oljWl UU J l*S (3&£) ^jL-Jj *3«U 
iLe (7/2 fl) L&*5tSJI W i> C v y>" W - '50 K Jl-p Jj 250 K lUjj 
LsljiJl iiUJl LLii (j\ JjJ_J( lla ,> -"'• ■ >} GOOD K ^ jyj3 jill 5jksJl oUj 
■jij . (GO K) Iajx LjtxUI ajlj^vJ^ oL>jJ ij: P^Li iiyfu |jj£f II 4#jftfij 
L>»J jj Ul . iit-jill tjlj-aJt i^fUjJ jii J jLL^u LLill oj* ;> Jaij jCul 

Lij^JI hA*jL»)I (ji l^P Jj^ oLkll j*Lilt wjy]i iiu ^ *^-'^ 1 ^'' 

JJ ^ l>JU LAh^I LJxJI £* U^lj Ci5U3 ^Ln, j j]1 C v J^L ^ 
^Jl^ JjU Im j^ ip j/i If} . 1907 pLt ^ ij^i: ^Li^l ^IkLl ;,i 
LJiuJl ji ( 8-5 w2Jl ) BLL* Ljij , L^-^!! L^ 3^UVl w*yW Wj* 
^-.^.11 Jjlpl Jj>lll i#*S * jL» y^rt » j^j> jl w'Ua ^ 0' 'yij&i Liw^l 
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I .J ■ n 

M 



11*" a) ^ Li*kJ Ju 1 ijJWI v^iUi f L^I g, L> J j; . yj, 
^ JUL. ^li L jULj , iu JSjE J ji i^i ^j t U3i 5^ , u 5 ^ 
J U> ^1 ^j . ^Liaj ^i ^, JJjifg ^ y ^ ^ ^ ^ 

*iWI fit ^ lb . (I, = m ri 6i Lu j^i J^jj ^ ^ . ij ( ^£ 

. aljjJi J>A , J^ ^iiii J>ai j, r> / ^ {66SJ x 1(p < j 8) ^ ^ fc ^ 
5>S*i^| m j^-.u, , tfjw plft ^ ^ ^ A ^ ^ ,. ^ 

H, o*i*til ^J ^M j^sii ^ , «j . ^ ^ ^ ^ oliUj ^ 
,L.j , / , 10"" kg m s j^ ^ H fcjjpll & j^ijii ^ ^ ^ jp 

il* ^ ^ L^i ,i»j t a?,(«it) - io" 21 j ji* ^j^ E^ot) y,^ j 

^y i ^ ^j ^jj b.iill Ijl^ll UtUl L*5 JAN ^iJf , Ujifjj cifB 
UUJ1 ,J of j>J^I IL. ^ jusj J U^, , f iff* J/k ^ J j j^ 1^5 

0>£ f ^^ -Jfis. 3>>J ^1 ^islkjl ^1 ^iii,i ^jjii 1907 r U Jjj 
yi/il to . L f+VK t ^ M ay ^ ^ Li j^f oLkU ^ ^ 

UHf $ yWl «2«J i^j . ^ U oj. ( J/Hz jl ) (/i . 6.62 x lff« U) j ,^^ 

V* J^ -01 ji . &* l>« ^ ^ ^ dipy j^l ^ ^^ ^ j^i 

qU ^;^JI ofjl^'i UU ^J L.1 , l^Li J^vj^ ami ^ ^ ^ 
. ^giil la* jU m\ in * i^ '«tf ..JStf hf i«fll 6 ii llj. ^JLJi oijJ ^j| 
r ^ r lu^L <^^i ^IpJl jjL ^ ^ j^ rfj j . ! ^| j jUjJ 

uJJi i,ui ftu ^L^i IS^ ^[^i gun ^ ^ ^ ^ ^, 
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( hj\j*}\ !Sj*Lyjjy Jj^l OyliJl ) r* jiliJl j-aiil 



IJLi , ^lii^'il 3iiLi fjij*JI olfcjJ ^* '■*> s j**j o^ iSLUI J ^ ' L*ij*j 
L~,ju .jL^u .J Uj^jJ* UlLJl jLJ lL>- i_Jd>i* jUII ijl_^ <>jj cw!5 

J 1 * T « = ^ 



f jIhAJI -3 U*l J ^;J* « yJix^li » (jlluljjjl OjjOl LL*jJ jiiiw I Gjjju 

ji£ Hj i>*J P m uf *>Tl T iiA «5 l ujju 12-3 J}**Jl «ffjy * 3^ V^ ! 
, Sj (rot) i-jLiAi Ljj iiJ ^Ji iiiU! LiiiJ'jj u LLu 
IJiilil UUiJI ^ (}l \$£ 'Or^ <a&m jWI jjlj> l>jj jjjSJ 1*0^ ? JUIjj 

ibjJl CjL»jJ lu» yl yjojU <U Ji . i -..i^ifJl O Jail I j 1 ' JlIj Jf— ' L LuaL( 

■ijJ'^^j>n^ji.>yj 5_*call »J.jJl gt» i ^ iJ i^Li Uliil oKliU LjJI oUjj ja at io>j 

34M ^3^J| ijf^Jt o^jj . ^ 4 jy.j ^^ ^j>Jf i^l LJiJl Ul . JjIjpJI 

C^ = - R by£ llfJj . T = K & Jt\ tjj* L+jj ji ij LLii crljUN 
jIjj: l f M ^ jii'b jJSl T ujjS; Lj^ 3 12-12 JiiJl J j^jS'l ij^Jtf ^%i 

Uj^j . 12-12 JUJi jj ^^i t >^JL ^ lijj i (ifl) jj (f A') ^ 
sj^^Lil jjLjU ouU ijj-J»] uJHwi 4aL«j ^wjj CV l'I J>J" i ¥ ji, i> 7 1 yjSS 

^iL 1 ;lill 1(B)!II ajl^jJi ^J ( 12 12 JS^JL; j»H\ *fri\ ) T^ jjj y^jjl 
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{ A^I/JI tfa*M J^l jjiliJl ) jit ^tJl J*iJI 



WljjJ olSii L^J 12-3 Jji*Jl ji i*jjjl ol\UJl' |£u ji JUl . ^Ij*jl ulkll 
jLi l^£j , jMfil jii LjIjI^aI oULb L*J ^ ^£|j i <jj>t)l 3j1j> c^-jj ji* 
, V = 1.4 uji >J ijjj ^ 5 lijUi oljUJI Di» j LyJl lil^jjJ Jill JiiH 
I jut ijli jj aLLiiL jjJ.| ^t-V^ 1 C^j'j*^ j**^ 1 ^>W u' Jji 'iS** 
, Ljjljla'llij ifj^jj-^l iiUJJ ji*il Ukuuu oUS' j^j.^ r Lv]u e^Ju j5ml jj JjiH 
jJ* £JH*# ^«i«i3 Lfjiljjulj yl *Jl 1 jjLaJl <^>Uu i>l_jJI jIJI aJQ> jl t> p*)% 
jj U*x*!l ■ *_5JI « Li^tijJ l^-ai IJj ^Li jj^ jjLJJ jyS—tjji'Ul iJjLJl 



J.-il 



11 jijji 



: jl* Ijjlj ^j£ ^i ^_i>j Jrfi]l lj> ou+ji Jj j^fl 
1 PV^LJI ^Jl (j) „ ^UljJl «HJI [ j ) : iJUJl 4JI; (^») 1 iJLJljjjyj (y) i fUaifl 4Jl> ( 1 ) J^*J- L 
■ ^V-^'j ^LwbtjJ"Jlj hj^y^U LjL^j^I oUUnJl ( j ) (, ( <jj"ijll j! ) iii/^Ji ^*jl r l Jj^j*Jl £ j ) 

. jjii»JLr iuLa.il ^Juiij - >Ijj / * \ 

. Lj/^^l <_►) . hj^i\ (v) . LuLL^I ( 1 ) ; lfl\ d*Wl > Ji »Wl ^U* jk .jl\ l il £i\ ^ L jSJ _ 3 

■ *i*Aw^ ( J ) 

. <LI*a1! PV jiy I *wJI OyL*' Ijj I4J 4%>jl jLiJl &^> Jbu LjLl>l LLf jl iLJI *Uu tkJu Jjjjl JiAll -_iL> _ 4 

, ;WJ LlL^lj S^L^Ul ^UJI p|L«I I J] Jl^ jUI y>Ul tilkJl J >JJ; V L> _ 6 

. A17 j ff ^jLw fJWt>: *L^I djIyJI JB3J1I ^jLjJ LjIj*JI li,LJ J.^l ^Utl &J*. 7 
j;^ Tl IjU (v) t LJijLji i^ti^l i^ jUll ,>>-*! fiU 0)&$J. '^Jjdl li^M Jj^ 1 u^ 1 * 11 f J-^ 1 - 8 

. jSiJL Ja^iJl JLiiiJ ijiuu ^jj Uiit ijU JjLJI Jjjy IjU (j»-) i j>}i llui\ »Uji jUUI Sjlj> i*y 

. y j! C'p _jl Cf ^jJUjj JUj jj* j 4kiJl Lj*Jl ^L*jJ jo* jIaj] . f) 



Ji ^LLJJ l»^j/Ul l^jljill i-itli-Jl "j-5LaJ'I jo*: ^ill o^i Jb ^ LjlyJl L^LyJl <JUJl ol^ 
. 7 1 j V i P ^ jlill jUU <JUJl ol^uUi . li>U Jomj iJU* jJsLJu oljjjLiil 8J* hi ^* 4£_jtfcj 

^fjAll^litfJUbJtJIjJ 

j)j l dJLy J£] 4Ji>j J-ui LjJ 5JL>Jl 3Jb . Lai iJbJl iljiitu ie iaL^ 4uL> ^ ^jj'^J' ■*A" !i '^ 1 ^^1 lb 

. iJUJl til J] ilklSl l^j w Loj jjfl IjIaaJi J; iiij "j 



( AjjI^I liwlijif J^l JjlUIl ) >* ytUl >JI 



(17) U*UI MP 



fflk'l 



, u = 2 nJ?r a 3 jjjji t jpji j^y ^JLUI itljUJI <JU y. 1 

v *j^j i Jsjj .lm Ljii+jjij lji^i ^w ji* r; ^ jiiaji it* uj| < iiu iJij u>ui jjlui $1 i*> . 2 

, j*uJI ^jjil^ J> <tii>U 

r Ly 1 UJjf Jjjlu. JAAII oi jjim .ja fcji H 1 jIS i; l ' r^ 1 J! yu * bl^ 1 0' ^' *? *P\ J* 5 - l 

tii jj JJUJI ^j i r lMI J.UA1I ^iuJ sJUl JiAH U . plO y*> JJ-J jl# ilJ JjJ **jl> lMI- 2 

ijjlyjl 4^1*^ *JWt jiASJ h>\> oUl> 

: ol jAjJI ai* Jit jj <UjjI iiij . 4 Mill jjL 

, ( t A aJl jjuj jit J lSjj^J^' > l '-' - - 
. ( 3jl_j>Jl L» J Ci^y J^- ) jjjJj-J ji^J _ 3 

, 12-2 Jjj-sJl 1 ji L**L olj^yull 0J4J sjaaII y&jjiJl 

PV jiUJl ^j]I 
^ Lok ,lbjj| iJU dj^Ki r*^ f J*W jaj i fLWJ ^*Ji ^- iudTI ya Ji^ jl*^ >j PV ^lUl ^1 
j_iw *_-Ji ijj ^i ^1^ jt J»> iii . 3-i>ij <<jb> *^^j *J^ J^ i^jJI li* j*,^ J5 , ij^S W>J! ^ l > tiJI 

. libJl uiiJ W* y*t 

. pv ^ui r ;i ^ uu tfi jj» DjiyJi Wjj oi^j jiiii 3UI1 or 15 f 1 ^- 1 ^ ' W **P l *Ji* y J 

. ^^i s^ ji^ pv ^ui rJ ji ji ^1 wi . 2 

, ( ijjj^^l ) jjJI ijulj ioirf Ji*i ^1^1 i^ 1 - 3 
iiL>J( OtjJJuJ a*jjj At/ uL> 
: i^LfJlj iijljjj^fl sj^jJI jI*jJ ^>1^ yWl ji ^ $H Af/ -L> jisj 
AtTsnCyAf 
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( ljj^\ IVM jfi\ jyW ) j^ jjiiji jj«(i 



W djUU ( ulLjlfjll } jUluj*JI gLufjjJI iljjl^pjl 

: (C v ) p*Jl "&>£ oUuil 

. ( 12-1 Jj-LnJI ^ f? v \*y\\ tjl^aJJ IjUl! |yill jfcSI ) 43jlj» Ujjj jUJl fyJe-Ctf A&Jj 1 Cjjtf 7y>J JJ* K 

l 'v 

: ILL' PV r ^ ±u^ V g. P jJZ itlljH\ oLM J . 2 

ff-0 : ijjjSj-jSi LWI y.l 

IV = n/2 f iln -*■ : ii*jS^I LUl ^ . 3 

ff- (AW : ^j^lijUI^-4 

, PV ^LJi ^Ji ^J 4_JUi Lf ]^j J cuO Idjjl UUI jL^L Ijj^ JJLiJf fc^a ^ j^Vl iLUJI «♦* J 

: «jjlJl cjLWJ u-JL Sj-ifa ii^4 iliOll sjljjvjl t^5 ^L> ^Lu 
Q = nC v AT : *^/j*$l ol«Jl ji - 1 

Q-riCr&T : LjLjJill LLJI ^ . 2 

: t+AJj JjUI jjtJU. Q j IV jL^I jj4 Jj j| jjjliJI j* Q i_jU> ijl^ jy-Vl cjLJLpJi ^i 

jjj-jb JaiiJl <Jui>J 4jJUf iJJ j*j 
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( ^jljpjl li^jdJ J^l y^WI ) jte jiUII >iH 



: h>)& 

r uijji iSj*Ji oil! p Jj*ji ^r^ 1 J# !% 

jLkil fJj ^Kll USUI *J* j^Oj "S *HUU iufi . I& Af/ = Q -P&V 5i^UJi ^i& ? W = Q - W tflW . 2 

. *i* J^l ifcWl 
: ^li ^.LLuJl j>^J Affa Q -V tkUU ^ lu£ JS ^ pij-3 

jL; Jjtf lJ j^ l^t $$M jjUl Jl .JLJi j>|l £* Jj^Dl ) ^*Lj j \WC jj I20 Q C L>jJ $»3Slfa J#* J 

. fc^l fo3j ijjii sL* i*Uj j^ * j^ tlij J*Ij *lj*Jl ji ( JUJi *J^Jt ) U*J> 00 2 ( JjUI j^W 
jLi ^ ^ f p - ::,, iKil u*jl Mfr£\ CjJjijAJI ^ jjiJl ^1 % i *M oljUJJ C t - C v = R 0' 0- f*A - 4 

{ J^^l lit ji v^^ U . jL# JJ 

? jLJl ll^J Cy j C^ j^bj^ jUI -^[j^ 1 ^^ JsW^ il^i i-^ - 5 

LLii^il £jX L--^ ' j*S' J^ J*^ ( W up ,^5* ■ J^'l ^** ^* J! ^i ^ j 1 * *> "*-^-^ Jl> - 6 

f tfb^l jl fejJ)«i' 
ai_»jl ■ jt-^ (jj i^jiliLiI* ^lliljkjll c*JlS| t uuJi- J| Lues- <5j>JJ J^'i j*!^ Ufii j£ j^Uj |jlul*k-l llimj- I 



JjLj 



12-2 ^EJI 
^1 Jj.1 p jjJSlJ ^>IjJI oWl >3i ji jL . 0°C jji^> l>y ^ tU JJ 2,2 kg 4JJa' gill! & ^j^k- 1 

, ^>jl ^ jumJI jjdl JjI « 115T Jl 27 n C ^ L#Jyi^J jOp ^UJJl ^ oW LlilJl S5UJt ^ j^JI j& L . 2 

i 






( ijjij*Ji UmLjjjJJ JjVI jyUJi ) £t jJiiJi j*iJl 



300 

II 



It 



680- * 

400 -V 



J_ 



J L 



o 0,3 y is n 



fUL c u bjt ji /i uwi ,> w*3 jo* }Wi <Jj*! <$£i jwji j|jw t* 

f LjL A UbJI Jt D UbJl &i 4Uju1 ^ jUJI 4Ji*j Ji3! Jitli jijl. U - 6 
V 12-1 . J&AJI J FV ^Ul r jJL rJ>d\ jUI 

JjjJl Jiill jIjL fltfj S JLe 7H 1a*> jjjJ- JI l#tj3)*d Jk jit luLi _ 7 

yfrbll oiwi ji jjjuti jiji* U ( i ) , 167 J j^Ji ^»J! Ji )UJl LlJ 
. 570 J uUll 5jlj*Jl ^ 350 J jaJI itfl jUJI IkJ^ Jjjil JiJJI 6^} i **** Jtt*T &8 J! Jli* jLi jj*j_ 8 

5 LB-ljJI 4JUaJ| ^3 j#uJI jIju Is (V) ? y** 51 ^ ilf iulj Jkl J tjA&Z fi jliil tyj* t*jJ ^ly Ji(t ) 

LlU* *Uil tiUll ijlj^JS luJ ^£j . 70*C JI -95 4 C £, uL jU, *lij J fJ J+JI jt* <> <^m L*S cm*- - 9 

p tlty J>Ij ( Jjilj f lj*JL ) fjfl^JI Sjitf ^* U . 1S0.J ftk*3ll 
j_t Jli* jli UL> Lj-J yiU Ojlj^ -i^LuUuj Djjj 122. JS4JI JjUj _ 10 ■ 
t T i-4f I - A ijuill UU)i J! ^ii »yS } .. C JI B ^ ^' . B JM 
Im o-« J^3 ; «J*l3 . L^UL SjjjJl Jili. jtill ikJw JjlJI J^iJi 




H) 5Q 

(liters) w 



12-2^ Jii 



12-5 pill 
J| -4FC ^ ojjw j3 2,3 rod Ujji ^Vl 3U <> W J ^l -11* 

juoi ik-*ijf JjM 1 JjwJ'j jL^ Liiiji siy 1 j 0\ A^ji . 9o n c 

( Jj*JL ) Djlj_>Jl ijii ^ L . BjljjJI iif-jjj JaJuiiJI Joju ji* N 2 ; ^^JJl )U* 700 liferw u** lJj ttj ^L _ 12 

!f 27*C j^ jUI W U ? 27^0 J| p\ s } \j> Cfjj ^ijJ l^lll 

, duJJ c'v ^Ll> ,j iLL>j! t'ui ii>J*,'l 
fji ^juii kij cow 260 cm 3 JI 795 cm ;i ^* iL'jLi:! j^ tuii| J Jjlj>JI ijHI iijl>i Jlill jUJI i^i J* - 14 ■ 

230 n C yijJu'i'l 5jlj>JI ^jj :-i _j^l V ij\j*l\ Ch "unfll «i» jl^ I* ! 156 kPa 
JijJ Uj^lJ pjIjjOI U*5' j-* 1 m» . u^L#l.! J;lr*Jl l*jJ*-Uill aj p^ifJf i> H ^ :i »j^ ^N u^ ^ - 1S 

f lJ^I iuwJI j^ ^ I J^i ^ 37*C Jl )Ufl !ji^ '4*jJ 

12-7 j 12-6 jU-iUI 

^ LitS LjLJl ^Liii iiij jU3l iLS lj] 60 liters JI 125 liters fr iL^t p LLiJ .j^ll JWJI jlA U - 16 

I 35 ceiI U ; jj SjljJl 
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{ ^jl^JI 15*»M JjVl lijilill ) jte jW J«dl 



Ll*4 jIm« lU f 40 i:m* JJ 90 mi 3 p L^j-J 25 e C i*;J jj 2 jli ,> 3.3 mol U*l 'mpA JJWJI i^3 y U . 17 

, jUU C y j C, ^ i>ji 1 1.2S LijL-j Jli* jUJ 7 ^!5 ISj . 19 
. p} 7 i*S i*ji i JLU 3LJ C r * 5fl/2 aft Ijj - 20 

AlV j iff ^ % ^1 . 1 iiLm »yj iiULw ^ 100T JJ 10 n C ■> Nj jl> i> 90g 5jtj* i»jj ^*i ; - 21 ■ 

Jiili jupjl . 12-3 * J^iJL Lw-jli ABC tyj-41 s&*M' i-sl—JL (y = 1.4Q) Jli* \U ,> 2 mol j*_ 23 ■■ 



0.7? 
0.50 



A 



12-3 f J& 



4<> 90 

(liters) aih4I 



UL-Jl ikJ^ j>lJl jull jli' UjOc 45°C jiji^r Cjlj> 4*,j liiijli IjjLLjjI Jtl- jl* ^ (2/3 mol)JaU. 
Ijj.jJ J JJj j^ jUJl jj. |j| (ijj L ' yjuu^l *d jUdJ y>l JI olkJI ^j j,jjU)I jkih Lt ( i ) . 370 J jUll Jfi 



24 1 



jUJlli+JTj 



270"C J] 20°O U-jj .j* jWI j>- . ETj u**jsjj^JI jLi ,> ^0 g ^ jjUj iS^J J*B ^t£ *ij til jJ - 

V ^1+jiJl oj^j U'jVl JjUaJt iuii t jL 4.4 tilni bJjjl cwlj Jmw J* 
kU , 3JPG i* ; J i* C0 2 jli (> 11 mol ^J* jj^o iiyJJ JjU ^14 ^J 16,000 cm^ l+i>j> *Jl>kJ . 
JjUJIj jUf l^L^l ijljjJl UjJ J^jf ■ 1600 cm 1 tj# ^ J| I^jI }WI Uiil d^ i^ ^Lfll 

. *Ji Jjijil 

» jlill ti* **> jlj i+ »i' . -2ii"C ^yl+JI C,\j> c*jj 
jxjLjJi 4jj,»i . 27°C LjbjJ s ; ij_> L>jj_. 10 &tm bjaj JiiLi jIp 2 liters !+**> O s i^jftl jU > i«i', 
, LuLLjI (mJ i Li^jj-J ( I ) 10 liters jj J j^a> fc** J[ jjjuJI' jUU ^ IJJ | _ s ^L^_l! I 
L*jjj i^-Ji 4*ji . jJ-oS'l Lj^^o- pj JJ li'^Liji 1,6 atm kLij 27 S C i^ ; j j^ ^^J\ )li ^* L-i'l*j. 

. jUJ] o^il^JJI ijlj^II 



25 1 



26 1 



27 



2ft ■ 



29 1 
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( Ljlj^Jl b^Lijji) JjVl tyjffll ) jii# ^LiJi j*i]| 



4jU JjLa 

«_^l sia iki . T, - 230 K i^Vl LfJjiy t^jjj ^ = 20 1 jJi\ It*** (y= 1,40) Mj+Jl ^ ij^. 30 - 

tl^_H jj*; iij^ . J>tjU#| lib 4#j is$ JjljjJI lf.jj ^ i^, 2.0 atm jl 1 atm DjjJ U*i ^ -J^ 
**& F^ 1 ^j) (y) - oUUaJI il^J PV ^U! r ^]| rj l ( i } . 1 atm ^i d*Li Jl ( Ifty ) tLjj 

*+** jl>j Jl kJ^ 10fl°e ^jS i ; lj* i*jjj I atm «jjs kJ ii* 1 kg Lpl^ JiUi till <> 4^ o^li _ 31 ■ 
^1 Jjl^jJl Lj^ ^j \, (v) f jyiu ^ JJAj ; j^ Jl cJ^ ^1 ijl^JI <^ ^ U ( i ) , 1.67 m 3 

V Ui,lj till, j] ^ 
SjfpJl i^ ^ U , 1 atm sji ^IjLI LLij 2G°C Uji LpiXul 3^ ^j &. *Q| ^ 36 g jij jl ^1 . 32 - 
kid I 'Lv £* 150*C JJ (Ui ^Um Sjl^ Ifjj ^jj |J iUi ^ ^ ^Llill 3iij jj ,UI e^ i>jj djj ^1 
jUi ij_* jj tki ^Ijjj L^ ikj £$ oijjJi ^ j^j* jLt 41! jUi ; *£*&• J *Lm j^ liu 

. ojUi UteVi LpJI oUjj JJ fyffc JjlyJI oLj-jj ^ 
t-UJl jjj_^ J_ij JJ J^i jjJI ir^Jlj i iiiij i5tfc JJ Jpij jjJI uLill Sjij^Ji i*£ & »>Jj JJj i^ji L* _ U3 

, jL^H li+J y= 1.28 $1 oJ* Ijj Jii, jUJ UjJi ^L* j^ 
JJ 30,75 ktftai* o-, JJii JL*^ 4J*ltf >jOJj T = 500 K ^ ,/jSjJ iLUSI U*y CO^ & 3Q kg ^ . 34 
y*Ul 45ilt y jjAUIj jUUI ^1* Jjjujl J^iJl ^ {V ) J jWJ ^IjlVI kLiJI jIjL U ( I ) , 30:0 kg/m^ 

•Ul r>4 i*^l dl jUi JJ^SJI Ui U . 6Q0^C jl ^5^C l+ji ^ 1 kg UjUi pjgfil ^ 4J1S oliw. 3C 1 
tfi J[ fejij ( W/Q 0UJ1 SjI^aJI L^ Jl JiiJl ri* h^ y^i * 1 atra ojliji^JI l^i j* jj*di 

itjjKss J <Ji*j 15.0 kg 4^' _^US ikJ^ 6,0 cm Ui»3 U<j LM^i J*(j j^*^ 1 ! ;li ^* ^*S' ■-,.,,.> _ 36 ■■ 

. LjaJI iwJl |>jS lj_,j^. ^1 j. ^ l^J^i J« ij^ 41^ Ji.|j '£\fij}l cjy^j ^i^Jl i\^i\ ^ "ij^ 

jiwi : 760 ton <-&j\M\ UyJi ^J J^l ^ 35^ ol^Sl Jfctj o^jVl Sjlj» i*^ ^IS l«i*j 
1 * ^^Jl J54j jj^-j^ 1 l> o'lyi jjc L» ( i ) , 22,5 tin jl^ <JtjL^| o^li ^ ^ jl^l ^ J ^Lili 
jljj^'l ^ij, £, ^f , ( 0.001 torr ^ Jil L^lib Ll^JI ^J j| j ,1^! ^ ^Ji '^ ^| ^ (y) 

? op-jid sjjiJI ijl^J) L*jj ^ Uj ^1^2) Ji^J* 
. M L^JI ^£1) ( I ) Uuj^l piJI A*ji , c v = 920 J/kg.K 3^1 ^^1 cjj> SjiH jili; jtL. yi iLJ . 37 » 

- J^^ U Jl L;LLjI ^ d^Ji ^i IJJ (!) . 'M K tfjij* U.jj 1.0 atm J^» t^S j^ .1^1 U^. ^ ■■ 

iJrt*^iJj N 2 ,^jj|3-juI1 jli ^ j^L. djfjl ,ji y^l ) 5 Oji_^> 4^-jj j^iLr iiUi 1 P= 0.94 atm ^ 

V ixt ilJU J[>j .jM> ^Jiiu Lik£ jiii^ jl (lj|Jl Ojlj^ L»jJ xj£j J* (yj . ( Jjlj Oj 
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jpy *lij y — iUl (> ^Li ^ ^J 'Jb ■ lj f ^^ ^ 

^ ^uji *ua ^jj chh ^ jy Sjij* **> Jl i* ^3 V* ^ ^ ^i u 1 ^ ^ > L < u > 
ji -^ jjj qui ^1 », ^ w » »> jsad rfii ^ i ^ ^ ^ ^ ^ ^ ^ ' J -> ■ " 

jj^l \^£> cijiJ J tyiJl 0' f ^ « Vlifl! ^ ^ J^ ^ ^ ^ ^ ^ '** ■ ^ W ' 

a**ui ^M J* ps J *« r ^ ■ ^ ^ ^ ^ ^ iij '' ^ ^ ' ^' ^' 0jS * ^ 
, ^ r ^ji ^ jjus *n ui ^ J r l* ii»j ■ ( ^jw y ) ^' ^ &s W *** ^' ^ f^ 1 

( jijoJI ) f ttu% r IWt 13-1 















( 4jj|j*ji iiL,^ jiiiii ysaii ) jte ^^ j^j 




, ( 13-1 Jjjt* ) Il.j J5 y ^j*; <y 

ia-i j^ i^j diU^Vi ch J-* ^ji* ju>i J jjSf u^ ^ j 
ivji ^ u>j ijij . 2 i± *ii i JiU>J m^fry&abflyt ^ 

. 13-2 J^L £4j, y, Ltf jjJJI sij : ,j o,^ A, B, C, D, E J^ ^ 



jU>l ^J Cil^ y^ ^ 2 iiijl ijj> JLU>| Tji | 1 ^J^ [^ "j^ jj, 

U3 yi j^kl Up ljU[ > Jil ij ~* ^ j*-y ■ &ti jl Wall WfJ J^i\ 4*jll jU .^S£I| j| ;^| ^ 

UJSktl oL^jifl ^ 5U ^ j^ WJ j 13-1 Jj±^JI ^ 2 JjjjJi jji>iL 

. 13-1 Jj^Jb iA* JiJ ^^i ^^i ^ 13 _ 2 J J4 ^| j^ (ii 
: J!sHi*JI yijlll w *Li ^k ^ ^L, *JU ^ JJt > LJL^.1 Jj^ ^ 



t^kjuM 



ji^l (Ifa&i if!jjiU1 
L 






S2 






o„n 



— ^ 0.16 

.12 



33 



:O.0S 



10 
10 

s 
1 



1 

2 
3 
4 
5 
S 
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474 



ji_6 , Iji*- Uhj H)U tW jjp 

ji_i ji ) ij>a 30 !> Jfl J jiJl 
V ■'■ j>; I'll, jiui ( i/ii 70 j^i 

u-sa iui $_. i^jK go$ ji 

, (j>j &0 j 40 ujj £*i (JjJbkU 



. 582 = 1Sj6 % jjU 2 oj_*Ji o*j> j^Wi $ ^ * 2 s = 32 j* iW 

. 13-1 Jji^ fcJI il-u^l ^ Jf LJLi>l 13^3 J^f ~*jy 



in n in" 



1 



x [(F 




10 2fl 30 40 50 GO 



70 SO VU 



> yil Jlf (>-fl^ J' 1 lIj^LaJI jl* UjiU j^uil uJL JL liA VJA.' Luijy 

o^JbJJ ^EJf jj>Jl ^ y^ 1 iA* ^ , jBlkJtf- Jfe 100 £&lj i U^l ^ 
o^Uil sjj ,>j kiJ ii>lj J Jsl»Xji 1 2 JM = 1.3 x 10 3[) i>liil 4^jj_jiai 

Lj4*J| <J»j jl ^j+» j-li i,v-all LfJ ^Ju Jill Lin ill I 3J'jJl Jail! luljiul 

ijjj . U^a^ AjjLOl C»-j^l jli ^tlSJI jifJs jitJJ JfliS »J>ljj i i)W IUJI JLkiJ 

50 ^J-J SjjJjySU) IlbJi &y£l i?^ iJL* 10 x 10^6 LL£ j^ j^f ^ 
jLi jjjj wj . ( 13-] J^idl ) il«Jl 4jJ L4-II i^jill jk ifbS iO j i jr t 
LijjjLJ iJLI>^ jJu IjJ jjLJl ^1 J* ij^ 100 j>^J ^jijj^Si iJUH 
„ ij^ 100 » ^yj^HI iJWI 4^Lii*i ;j$S> i 4ji^\ -Lyj/Lll CfVbJI ^U ^ 
j- ^l;- J-a . * i-jlli' 50 ■ 2,u BD » Lliji'lii JULJl y, 10~- 9 It.jj L_u Jjl 

. <i^ Ud ioo ^Ji> ^ <^*ii pyL^^J! ^> ia i jsji 

, t-.y* €D j ij^fl 40 L ;jjlluuJl j^ jLJ> ■Ua T j j,ie JSj> Jj JL jjLjjJI k>JI j 
^Juuj t 50+10 JI GO-10 jj jlLJ Lfji JjjJI Ki£*i Lj x>all ijjj fUll jijftJj 
op*J( 4_>^Jl _L; Uj,^J» k_^j jjll jjh-sJi jjj jli tUt i*Jrf 100 ^ lij Ji!) 

: ^ ^jj LUJi UlJI . SO + 10 Jlj> j^U 



C^i /Jj jUI L|il J* U. [ jj ^ . f}yl\ ij\jfi% i SjUyJ jUfl joaJI j*-jj 
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{ Ojl^JI IVW^ jj^l j^LaJI ) j± £dtt!J >ill 




v Jjiwill . ,i~ij ill 



*kUfj jjut (>j J»*j 4j11I ^ 4 J jLkt^JI ^Loi^l JJjJI ^j , j^JI jjy: 

. Jjjl Ij* ^ ; _J^j| ^ IjjjS ^ J^ 4iQi <UJl «L1 

jJ4-b £jjill u_* fr^Hi i LjiLi ( 10 6 ) t,pU Jl UwJl *lai jit blj Ji*j 
sij tij £ju JSw»1) . fjyi*l\ <_>^JI ^_Le j^JI ,> 500,00(1* 1 000 »jji jj* 
jx* pj . 499,000 j 50 1 ,000 ^ ^_L J>A Jl jj*. J ^fc Jbd ^ , i^Jl 

, Ijl» Jjjw ik-jili iuUI ^ jjlll Jl >t *^l 
asijj] ijjj , i^ ^jjSi) ^ iJAj U ^i^ Jlij ^ iWi *y £p Jen ^ 

$ yfl^ii] ^ L : j* $1 Jhj — llj t 13-2 J£iltj ^ j* \£ t U jli ol^> 
loa J& . SUl -^^ W& ^ L^Jf ll^jj ^l ^jjCJI *bi*Jj Jlp li* ^ 

t jLAjI ol_u_^" i>j i}-^ J J O^J^ 0^^*J JJiiJwJ' j*^u & J5 Jltji iJiJI 

1 j . i . >av Lijjt*: Ij&j . <LiJ| ^Jjj iJt> i Lt£Jfj ijj-Jl Juil5*l Utw uJj (in. 






5 x 10 13 = {5 f U(JO h OO0 h OO0 ± I) x 10" 



y-« a* I ^i ^^3^' JJ^ j' jL^uLes I : yjjjl yiljil] «ji^J Uliij Ij_jJj 

. ( til* 2 ll} ^ (> ) Ei»lj ^jji^ ilL> i] !■-■ liij/LJl 

oL.ijLi^'1 ^* Uj,jij ) 1^1^41 EjsJI ^L L^i ji Lj—L-ii Ji LUiwj , *jlUlil 
j I ^| ^ jji^i ^iosLL Jl flkUl iJL* j,^ ^j ijo-j; ( ^^1 luijJuJi 

jit H l> oi*j i ^jUI V>jJi If j|_Jl y& >';^- Ljiliu Ijl(4> *k£Jl ?i* LUl j 

IjLjl -UMJi 4a5 Jjaj ^Jj icj-J -UiiJl J*iv J_jw JyjJj: . ijyii L>j t+j>.jj »yj 

^Ui!l ijle UL> ^J 13-2 J_S^JI jj jUH oLL^. ^_jj lui^ t JULj 

Jaw |jU Cjli^Ji r^u, IjJ Ojj^ IJL ,j jlj . jjjuueJI Jloj i>l i Lu»^ Lp^tJ 

pLiJl J-ii^ J^u jjji: v Lwiy^li S^ljWl i5j*JI jjjJj (> lIjIaIj 1^ ^jj 
-47G- 



( ^jlyJI tiuli-jU J&\ $W ) ji* M ^\\ 



aUoJJI Lib- Jj Lyiilj Jjjj jJj ■ 4JS jij_LJl "jLiJ i_i>j j-0|i Ji wj-fcjj* 

^j i^L_ iLl ^Li^-ij ( j— ijiJl ) jiU^iUlj, » Hill I ^^k* $ ^ U* UJ «•& 
i^Sjj UU jJ ^juJ J ij-i*i F^Jt »=rfl* J^i \} UjIj Jij . UiUll si* 

1ILti>l ctfbJI jlii ^_a jjjj t .MJi oltt* ^ijJ ij^ j_jL JLi t u^Ji 

, ^i yui*! oil o^UJi S j^ ^ , ^ jii'ji ji t Life; jiSi oiUJl 

i LJlliij <jJl> jhf-J*^ 'jd^ ''j^ j* uj^j JjJA* uj'j> ;Aj*^J ^LLajJ tjvj Ijj 

, Ji^S'i ,>>i 

J_j£j^11j4JI i^kj^'l J^ j^Ju j*t . ib jIjaJI Hj^IjjjJJ jjHII yiitEJl iw i*i t* 

■d Jj*lj tySLffl gl Cm fijjlj 0* t jjl^Jl j^M O';^ 1 JJ W J! ^ , J aJI 
(tUaill J-rti i jJJI t ilpll UU J dJJ . olj^l BJu J_« ijj> ,_Jky 
JUJU , ^xLJI tJUufl oti iJUl ^ ( $ftj UjgQ jj ^Ij^Ji jiuli.Jf 

. f M (> i*jj Jai VL> 

Luj^Vl 13-2 

L_wtjju 1I1 , Ljjjjjj^'b iJi/tal Lull I ij^fM-" l ;> T bub^Ji ,^uLs Llli ^li dJJ ui 

^iJi ^ Uifj LjL-iU ijlij_kJ! jU Lijydl iJ^iaJf jJU "Lyyill wlXJt ^L?j 
( tajyi Jj ji jjLU Ljjill L_uf Oil J^> tljSf wijUi l^kij . jjUl Jj ^Ui 
LJWl oljjjuj i-J"iljj i^jljjJl l^j*UiJJI Uoi^l i_Ljj^ tJ^XJi^ /J jj) 

, p, v, r h [/ r LU lu^j/ut 

aUiHl Ljjjiil _» wlJil jiijJl ui_f*j dJL*Ji ti* _j . 7* LjaJi jic dJjI^a L*jj 

: uWL AS 

AS = I d-13) 

LfjiC ( ll*J* jj£j AS jl i$\ ) ^i)y^" l.lnl^J >Uiifl |jl jLfj*JI lift (> pdLj 
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j 



( hj^n ^j ^liii ^uj ) ^ MU) >m 




:13 3^ 



^ Lu^Hi oU*j ^1 lli (13-1) «jU| ^ ^ . f(0 J| y^, yU . 

, eal/K jl kca]/K Ji- i^l crfj>jRj [iui ^ta L^j , J/jf 

uUll a*j iii > ^ . u Uitji myu t f uaj ^ ^ i^j.^ [ oL ^| 

UWi oI^jl ^U fit J ) Ixf^jflL] Bull ^ J ^ . ^ 
c^oLi ^ ^ j j5 u . l^Vi ^ ^o ^ , ( ^uujf, v, T 
^ jJi LUi ^ ^ II 45 Isj^Al jj jjsji f ^ iJU Ulj ^ 
Q u^ (13-1) Uj'jJI ^ ^L^ Iii 6 i j^l U*_jli ^ jj . f [fcji i)[* L* 

i4lj , r uj< au ^ y ^.^i i^i <^ j, ^y, ^ ^ ^ 

: ^ U L#* Ijij* jjL <i* ^5jj jyi£J| ^Luji lit 
UL> Jj LhjJj^I UU ui^j ^ b 5Jbj[ jj A y W | fr-jflj^i 

. A£ Cfl =0 ^ dij , ^L^Ij^JI yi>^ ^ jjLi (? i ^^ lit. 2 

■ %C=§/7 (^ (13-1) %y ^^ AC i^^l5|U4l Mq ..3 
SjM^W-IljUotfU^iiS^sAS^tAS^BiS^ . ,.31.4 



'M 



CO 



:-i jjjjjji ^ . uuii ijij j_j*j ij^ji ^ui ^ 4 JUan J jijii, 

&U &i*j <^ ^ li*j i C i^jJI UkJI o^ .^ AS AC V L* 



: 13-IJU* 

^r ; j iif 20.U ? tils' jJiii ^ ^ jL^i A f iy | ^ ^ ^ jbi| L 

. 0,0C*°C 









U«I1 ^U A-ikj t ( 11-6 ^sji } fy\2 Sjjj* i^ j^ Jjfli ^^ . ^^| 



- J^> - 



f L Jj3 ;Sl ^ ^jJ^Vl >WI ^, liL : Jl^ 

: 5_fUl Ltj^ i^ ^l ijijjji ^ jJj( Ufofl jjij^ji |^J . ^l»^I 

V iJHitl jj( jt >Ji ^[ jL^j ^ jjj ; Jlj^ 

Jji* ) *UI jL^lt yyy ^j US' jk ilimi Jjlj>J| L^ ^u; ; ^L>-Vl 

.(? = m//: (11-2 
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( y^l LS-LLil ^lIM tyM! ) j* Alfill Jdifl 



: jl *n T = 273 K £*$ il£3li*Hj J*H 

^ _ (20^(80.0^1^ . [;a|/K = 24 D J/K 
T 273 K 

, 24.7 J/K : U*i\ \ -10 n C gtill liki^fl ijlj* 11 **-H ^ ^ 

c/iLjJl ^ jajm jJju ji*B ji ^* fLfclJ l^jj& <JU ji ji BfLJI 

"JbJ IjbUll l^jj^ tf**B JJJ J] >^ ■ f 1 ^ 1 °^> ^ **W 

UJ5 . Q i*J *Jlj LJ* t juWLj . Q U*iji j^\ J^L *^u ^fli 

It I aJL> j ffii\ iJL* oj-J ^j ■ ^l^ 1 ybJ l ^ ^J*-* ^^ iJ '-J 

L^j/U DU oil* I2ti . oljliD *i^Jl 4^U ^J j^jII j^y, ^ * ^ 

t In 1 = if O^j . ft = 1 $ ■ J»*» s,1>1 J ^Jj^ il>J ^ $** **"* 
iJ^bJl jji UW1 jju* JA, ^i f U&JI 1*^1 si Uj^ (2-13) toWi jli 

s^ui 4ji*ii ^j£»i ij| j ^ * j^kj ■ G^ ^j u ( r 1 ^ 1 ^ u M ) 

UiSj; dUJ j_k *U.j . r tUJ ^Ul JJWI ^ jrfjflJi fcj-jjl *A£* \*i3S^ 1 



: 13-2J^ 



i^JL ^ c^^l oji 5 -JUI ^ Ul . ^ 40 > >^' J ^ J1 J ^ 
jj U^l >*3 V 1 ^ I 3 " 1 J^ 1 ^' ' 3jjiJ ^ ^ ijU1 * 
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( Ljjyll Li^LLjiJ JW ^m ) jfc ^JGJI J*)! 



. Llj/Lll 3JUJI ojiJ ^i Lij^l o'iWi jiu 

jLS^yW^p fy&J\ j^i J Js^\ ^jjlj J lit, tjj$ : 4jL>VI 
JJ-AJl £~ijjj 4^jW( LpjJ ^1* U&ll ji 5 jr JL UUl ii«Jl JjiJ^L, <JU 
LJfl 6±j j_i* Ji^j fl 4ILJI ^ 1(P jjU i£)jLji\ c*llL>JI «* i 13-J 

.AlbJI^i 

L^I ^ jjJJl ^Lj jJjjj . S = £ foil i^jjih} &U$fyf L-Lyu : ZA>i\ 
£>S = S B ~S A = A ( In Ojj - En (l A ) 

5, - 1 1.38 x IIP' J/KJ b(] x Ifl«3 = 8,90 x 10 ' S2 J/K 



S fl - (1.38 x 10^ J/K) ln(l x P»] - 9.21 >: 10 2! J/K 



AS - (9.21 - 8,9U) x 1<T S2 J/K = C.31 x 10^ rl/K 



0i! 



. ^ki IJLj>I oti iJl* 
= (1.38 x 10" 23 J/K) In 10 ■- 0.32 x !Q n JfK 



>* J| VjL^ 1 **W Jjw 4 ^jl^Jl ol5^J1 13-3 



1 jic ^t*)[ jjjl Lip ytji 4$etJwtll JjjjJI _^ J yjlj>JI IViliJI iit jjki L 
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( hj\j*S\ li*M jitiJI ijJIffl ) > ^ J**" 



JLvj J ?jSii JU^J oJUl iyJl oli* S^jJI iJa ^tfj i otf^l iii 



r j— ij; iil ull .Jlilf (ji]j i Ji*l 

i jj-id ^ J— i% <iJ^ Wj** 
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( ^jlj>JI liijlgjU jiLiJI jjiliJI } Ju iillM JjjJI 



jj fjJJI tJJt Ji* ^j . Ly»y lij'y- Jj>J UlJa*J i*-j I 13-4 J£iJ1 miji 
y,w Lm t lfj3 i^iljHll kj^j f Ujj! Jl ^Jljkwi'il J JjjJl j'j**' O j # ^I5j*^ 

jjjjv! iii_j^ ■Liiijjj 5-i^ J} IJaiJl liyJI ;j-j jj-iUi . Ji-il Jl ^L^l' *£j> 

ljj~li j]J ,*jisiLj4 , 4jjIIm tjuj 4i jJI Cjij ^h*j j* OjaJI Jjaj iIULj ( Jii al 
h-ms - f— ' J" J '';;■ jj-J i JL*L1 jl lL'Lu_jj CiLLhdji£ ( 4j5LuI£j1I Jj^liiJl ^>i 

, iiliH5u* <iit J! lJj>Jl I3UWI J#w ^ J/h+J' ijLrfJ L-LSl i*Jl jli iUj 

f 
^jU_k> j- ;^l" j-i*J_) , Jjlj-jJl JjAdJJ Lib "iilJ y 1 ^ — 4 JiiJl T-0JJJ 

Qa Sjlj-^l &* ^5 v LJj . JtJtf JSJJI |j* iWfirf J*i jj Jjlj^Jl Jy*J 

Sjlj-* UjJ L# uSj^ ClO JJ ( iSj!^ (J W| ) Qc JU\ *j*JI yUg 

i ,Li Jl jJL> J 'ui' l J j*jJJ j jLJl ^I'jJl »a *Ih-JI j*5j "^* 4 ■ ( J j^ ) 

. ( jL&UI ) y^JI Bjj,*L j^b j£ *I^J jl i&LJI LjUJl ^ jlj*)l pjW 

Jql'l ju'ijll j-LiJaii jLi i LJliJl *L*V jtiUI jS-a*^! jl V^ J**' I j^ '^"J 

: yuLy 4j5>> > 3i>lj OjjjJ 4ijJJL; 4^Lc lllU*Jl li^UijJJ 

jj J^jOu 4LLJI UjUIi jli i &U= * '/*> JjIjj IUIS' Ljlj> i^jjUiJ ijj 

; fj^jJl 

LJl ^f 5*lK jl (jjjull j* . J_^Jl 5*li5 ljL*sJ is^UIl tie jjl *jjOw j^-j 
UUJI siA ji jtL&Ji LtiS Uulu JJjjj . uLUl Jij Jl J*iJl *j> L-ii jjLj: 

: i^l o*j ■uJLt iLLJi liiiJU W jt> ^^^ 

; Jii Jl Jj*S J ^1 t^ljaJI UUJI Ji*^ l5JJI i lij 1 ^ 1 fjWI jl 6y li£»J 

. Jjlj»Jl JjaJI 9*1*5" *,v jc *J*i-* 
J^ LULSJj l Ulil ^ 100 JjaJI *flH j^ !/-» Q K J*^i ji LUiil lijj 
^hiuj ^f jJil li» JLi jit i Jj>i in Ha jl oLu)l Lyj^Vl |»^*j jll >jJ^m 
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( igljjJI KpUjjlJ j&\ tyM ) > OJUJ1 JrfyJI 



Jj-iil kLui u, 13-4 J£Ji^ £#tl ilfciH l^j^l ji ji«)l v^ fj*i t»jH 
jjb o>3 j^JU ijj j-* US JL JjaJI $ lj*ij ■ *i*J ^H 1 J! Vj*" 
jjlj*)l fcljjjl $ iflj ^j . j^uj 1 4J: J>»J) l^f (jjj lijl^f uUl! 

f. fl 

^ > ^ (13-4) 

: ^ a»JJ (13-3) *JjL-Ii J ufi\ U4« uiyuJI UiS*e ^l 

: ^ . (13-5) ^JjUiJ lijb t jj-aifeliSJl fll tfl 
j««]i »ti£li - 1 - -f • (13-6) 

ttLi£}\ ±jjjGj s 1_1,j*aI 1^*1 1 oLSyJl J — ^ii ^ t iijlj->JI Jj^J' 

^ ^J i Lu&g . djjJI IL» L^ J^ ji\ djIj*)) ^jJ jl* lS"^ 1 

ulj_> uj Q fc Ji J^L Uj jbjJ |)1 {fin ii>ai]l Mi£)l ji (13-6) jJjLJi 

l^jj jj jjlj_> 6ij> jl <? e J^-j $ - lL* iJU tjlj> WjJ iii Jjj* 

/ii, ^] jJl ^li Li! K Ai# Q f Jj-j jiii 01 <li Ji*"i . Ij* Ui*L 3jlj> 

O^j JiJ Jj »jlj*Jl >J JS illij ^ ■ *UI J 100 Ujji lillSf J**- of 

ji* , iJ^^ y^l pit $ y tyi 8* ljjL; o^l J JWI ^UiJi 1* ; j fill 

^i Um^ uk pi>u ^j ! ^^1 i^^jJJ jittll Jr 1 ^ " D -r^ W 

; ^iiii or^ 
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{ ^jljjjl LLfjLLj jm ^ ) A ^ J-rtJI 



J4*^ j^LS- Jii Jj Sjl^fcJI ^j jp UUI ^J ,100 Jjxj ^jjl }l#*Jl 

5jjj JiL> iUJullI SjljjJIj JWJl yL> ji^ Jtf ji* .y^ 1 J^ 1 ji Ut'j 

JUmII ^jImJI «*Li£JI jl_ 4-ijljjJI LVM 1 ^ J ^ 2>\.yP jjL 
^ijj_*ill jj Oj-jj ijjJiij j_*Ij JUj Jj_sm Lfii>j ji <>£w (13-6) UjUI'j 
[-*i\> dy-JI IJut Ji a-j ( yiiil oljUU i*ii ^WjjSlj Wji^j'l olbUiii^ilj 
^_5_j«Jl D^liSJl &> l^uS JAJu-' "M^ 1 ^j 1 ./^ 1 ^j** 11 «'l# U . jijtf it}** 
ijLJl il^fcii i>li& . DjIjjJJ iJiili ijj>i iljij dl£>*M ijjli' yV"^ k.^*" 
tf J*jjJ Uy> jjjdjUl t^Jiill MJSJI j-t JJl[ t l^fj "£\A\ J> 25 tijU; %i 
»USII jlj dJi* . JLSW ^j 80 j*£ ji v*i -^j** 11 W^ J*^ ^ ^'j* 11 
oil ^ 6"i « 60 /)jj r JjjT 'Lj^iJi Ailu J i»i>^~jJi ijjLxJi ^iJ^jjj^ ju2i 
jLjJ IjjIjjJI iilkJl i^t JsJJ iJLli ^ 45 Jlj» Jyo 4LL1JI J Lp£h 1 Iju^j 

Lm jjjl S'Uif Jjw jj Sji^vsJi ^jj U^ ^jIW 1 *>wi J^* 3 ^' ^ 

ijl^ajl LfcjJ iijj VM^Jl li#-Jj . ijj/>Jl I^jJ Ia&Jw L,!j>Ji SSWl UU y 
»j[v* My J J! Ij (: lyj; lj ; ',;; Lui SjljjJI ^bjtli JjLu ji Jw tJL'1 oj.' 1 ;-^' 

^*> L5 jV > itf } ^v^Jl d^Lll r *JsJJI 4jJU <JL> JiJi J^,! JIjS . jljj^l 
ijLjj J( ^j^ jUl lS j l_j >0 1 Jj>Jl ii ■uJ'S dj>* -j\ jLj^I Lui^ dJj As 

, ^1 jl ^si (Jaiil Jji^l ^UiJl jiUiill li* ^i ^tijJ J^ ^L: 



: 13-3JU* 



jJUl t Jjj -i f*^W J-"" '^j+^' ^s^ 5-a>j j 3 6j[>~! infjf f*b&m 

l>ji i& *jL*5 Ujjuj 800 K L»jJ Jii * Li I jlk; ^jjjSlI JA-mj ■ i/^^ 1 
ol_jL^ 1000 5jj3 Jj^t; ^^^1)1 jjjill JijJ^ll Uw ik*j ^jlUjJ , 300 K 
Jjjt Jj*^ jj Li , JjjaJH LrjtuJi "kUUL Jaju jwjJjJ 1 6^ li|«i ■ (MW) 
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( ^lj*)1 L^MJ ^IJJl jjiUJI ) £* oO J*ii\ 



t v " u '■ * J^ ■ ' ■■■■ i 
. ^juli (_5 jj*dil itliill ,'nijijj m ; Jijm 

T 

: (1^6 SJjSjJi ) 

T 

^j^aii fcugi = l - ~ 

"/. 

J jjijJ! ^jUJi Jj* Jm*. ^j^xU jj*ill fcttSIl S3U ji L, ; JIL- 

JJS & jjt^i J>jj ( rf.)\ ) «UJI J*JJI to ^Jl ^jLj MS0I : ^L>)JI 

fjUf Q ( i-> . ^ = If 4 ^ jl Ll! LjiyJi Lli.tL.JJ J^l tyJliil lijAl 

. jLtiitl jJ^"jij L+^ii %; imjJ| ,^0 ^UJ%pJl ^blfti , jjl»*Jl 

nOOOMWiaiSJl Ji*ljL ; Jtjtf 

. JaJI JV Utill tyL^l i, jl £> . kb>?l 

t^iSj W JJLiJ'!_j CH-fj^l 1^-Lw J_uu ^JJ' ijijiJl j^jJ «5Le L : Jljii* 



iJLw e 



Dill 



T h Q h *■*, ?w*Km, 



hWi\ 



j^! iiliai = l-~jj^ = 0.625 = 62.5% 

^jj . ( ^1K ^Li, ^ Sjjit Sj^i ^L>jj .^iU $1 Kb jjSJfi ) 



y.Gas = 



P -4-P 



WJJk 0,625 uut 0.625 

4jU ijljJ- M-jJ i|J jL»^ Sjj*0 jJ OllOL; tojy" Jta| V^ ^' j^*i 'j* 

. 1000 MW + 1600 MW = 2S0G MW tJ Jiu, 

^Lluitll Ldk Li . Li LI I _s 4lj jlk_> ii.i>Jl L^jjLkJI ol£j>JI j>U£ : uiju 

* tojj^f IJ* JS1 5jIjpJI J^jj o'j 1 ^ 1 pjLJt ^j* J^ jLujJsyi 

S4UJL71 ^LiiJt J Jl*V , P in = 3200 MW j P^ = 2200 MW : tyif 

vH _iiJ UllJ ji £) L-iL lijIjsJI *jWI ajLjj Jj jjjj ttlll y 17.5 lUu 
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( ijjI^JI IS^MJ jm ^W ) ji£ iHSII JrfiJI 




ju^ji ubi 134 



jj 3Jjj-J jiil JjLJl ^-L%Jl ^ £]l i^^Li UjjJ| SJ* ^ yto dJJ ijAJv 

Jl jjUl ^Jl fij SjljpJI V L^I ^ ^LUl oyliJl y! «j . o VJI iwjJl 
4-1JI Lf *-4Jj LujUJI j^? <j Js\ Jl *UI jj ^ j* JJ ui U j*j , Jjl^sJI 
J_u£ aj^lj ( oL*MjJI ) cjIJjjJIS lijfJil iM\ fr* j_..lJI J*c yrfUJ J 
j-j LfjL— Jl dLj^I y*Jj jj iL-Ll <JUall yt,*wjl »L jujjull 5jjJ ij 

i**h^A>M%iu*JtA ** ^ ^ ' JJJ ^* ^ ' ' 13 " 5 ^ g ** y w ' ^' "^ 

C^J pi^P ^ J*** ji jja# £*-*! Jj— W ^1 J* j s ! j^ T r L&kUlj fji yUJf ijljaJI jis-jj 
j_i jjuVi uifjt ji LeLLl . ijjuiL . , „ 

. ijy^ **i* jl SjlLtl flSjjJI jjijjl ' 

LilkJl L,^ vj U>UI alii I L^ jjUs ji ^jdku Sjij^Jl LS^LjjJJ J^l 

: jl i UjL>J< 






13-5 JU 







«&*>«*■ 





W 



( : ) 
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( L^iyJi l%M jitiii oyuii ) ji* siJUJi j*tt 



tf e +W=G fc (13-7) 

'i* Jjj .J JJjJjJ' MJJ . 4_J \jj 4>^jJ LJiJ ^ jJ U*rj y 13-5 JiiwJl Jjjj 
_lL jUI ;,«jiJLi Liii-du ,;,Ui ILi tfj JiL .liiC-L a\+^i £j lull 

)U JsJwu jjjjlll oJi>j ,> jiiJI ^L iJj*jll J»iLiJl *jij iljjjJl Lljj ^i 
isUiJuVl Ijjj i-Uiij , iLli oajjju jj* 4jJL^ ^AiJ c^-jju JLe LuLj J] u_ji_,^ f 
, t_ji-A5 L>jju <i^_ J jLiJl JU JjiuJl W Jj*JJl L _y_ .,i ,^ '^ijij ^LLj^'s 

jj* 4j jl *> ^j Liuu Jiij iuJ. I i_iliil ^wliL i £|>LJl l "jjj_JJ' * JjJ-V) 

£|l Jslj-II . h-t><J\ ' l*^—H J! »j*M 5jlj>J )J*J i*$ JSU I j^iJl J J 4J^w 

^jj jJl 111 uu 4J jUl L^jJ ^m t-rJL; Li JJ JjLJl UjJjiJI Sjij* ^J-> tplJJ^ 1 

jj-*g kjLJjl Ljivw 4_ikU ji iJJ*iJ jijuu *io* (JJjJl Jilt J)U JjLil 
#J *^i jjjl t isjlill ^yS/i ^j . { 12-3 gAy-jiJI Jllil j&i ) . >j1i 
j_t y.. 5jlj_>J' (j-n LuS yL*u i_Jj_nr j-*j*1] 4_ijjltl yy^LJ "jl y_j ; lj* IjjL 
Jjij. Ijl>ij , i*yUl Jilj Jj^aJ J| ^ Lu i yy r ji)\ JI iiiljjl JjiJl ^Lyl*# 
WLJl JJ Jj-i-l ij-. IjJLs j^ioll yjuLli t { tSfti *iji J jjij ) i_sjLAJI ^j^l 

E 

j_^y JyjJ^I oLii* |j_SJj , iijjkll »i* j-Uj 'I_j^JI ^J^^ *}+■¥' J^j 

dJjjjj , pjLJkJI ^J ■_! j'<"H olJL xjv^ LJyj . Jjill J>lj y Wl ?i* jJ 
J^-iJj J_>ljJl Jjjjj Jj Jj}j li*j i 4^jti JJ JjjJl J>[j |> (jlj*Jl Jlw 
3,1 jJL' juJjj uij^j >Jjj-ll -» ; L> ._i-Lfilil jL^> ..;>j u JUL Jaj x-o ) , ^j'lxH 

: JoiUJI 4k-l^ Jiill JiiJ! jjL: ^L ^ A > y c ^1 (13-T) ^jUII o& 

Sjlj*Jl 4jj5 ^ ifJl >dlf COP tljVI J*l** jjjJ jj- jjJl LLcLi ^LiJj 

: tpi\ JaAII Jj-jj Loi>lLl 3jl_pJl ijf-jj ji* lejiAil 



COP=^f (13-8) 

W 



: jk J**; W 6i^ C!3-fi) iJjUll ^lii^Lj 
COP = -4— (13-9) 
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C kjj>$ ^M jiEII tyjDJl ) ju. £M >Dl 



j^l - Jiill J*j jf vj^il l^\ L*j . COP i*i ji (13-9) IjUIi ^ A>i' 

■ IW oj jk5i ^s $a t^ jiaJi ^ ijiju *ii J ^ &, , i ^ Lib 

UjjjJTl! oljL^I fLii-,1 UJ<uj i JjIj_jJI Jjjujl L)L> J LJUi L^'i 

(j- 8 *) CUP=-^- (13-10) 

'jLh* 11 ^j j ^ d^' d>£ Lul* Ji>L ( COP jki ) .|j| J^ji J^i 

^j'j* o ! > J! bW ^ *a* j* u* jwi <^ iuj jji ^ b-jj ^ 

, j^£( Jt\ ijj* l^y ji 

_ t 

L-jl^pJl 4_ijji pJjfcL^ ^„ U, i jjjjuJf oULj ,> £&j**i ^k ^m 
l^_j* Liij; ix>jS j| b J\US j_iij jj^iji (^ ^ ^ , d ^j j^ 

tf*J ■ H^ 1 J-^ tf/j*JI fiWl Jj* JULj Jjjji >ij JJSD ^ul j^,jj 

. WUl <k-i r J,^i j*di ^b cwj i^jij* i*jj jj mj ^yi 

jl+_> j_* 11*^ l&iii &^ ^i_^JI oli^ii ^l^w ^ ^yji Obiuj 

LU^O jL^Ji 4 |ji Ukiil ^Utj^ COP ji i^ . Q, IjI^mH ^ijpjj 
: lui\ jjjjkHj LjljjJl ijv*JU COP Jtjc ^^ i <1» oM\ 

l^AJkM) COP=|-,-^- (13-n) 

: Ej>Jl i^jaJl li^Ul j-^sfl COP i>li iUi, 
(^l^ii^J) ^i COr=- k (13-12) 

O^JaUlj ^jlj>Jl Lkill (13-12) j (13-11) ^jUJi te Lj-Jl j jJl i*1 

,^(13-10)^(13-8) 
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( 3jjIj*JI llplidl jjlHl j^ilSJI ) ji* ci)li)1 Jjill 



jJiiiJ . HjIjjj 4juL> i jUjJ> jL* jjjii' gv-flju j4iju uiJl 




hi* i « j-*j ^£ jln^i^ll » j-u Jbu i jjjj' jl cull oljJ-Jl JlL> cjLf 
J| jl Jswlll jjj jUjj j! s*-*> £)J LjiljjJJl liUjkll >-i> <WrtJ L.j** JlAJ 

. aMl/^JUj Ji J6E1I 

^i-t jUJiw^J 4-^jJLiH ti^l iuxij Ajjitl jkil Li5 jj oyjxlt ol*y*ll o*^j 
wjj j-tiil _ji »_*>Ji y_« dMi^Jl j-n^Jl *Ll^H ^LJ ^Jb ^L* av 

^y^l ijljjJI Uj-jj ^l^U >jtkU*l' 'Iji^Jl cjuiJ ui"iJl JUU )L*> ^ >j £>£ jLiJIj^I ^ f^Ji lla 4Ji*l 
tljj^JI L^^J LtlVl oijLL jJ'l; ) ^Li^tf . liiioJI .L^j i^ji IjlJUl ijjjjl jj+>i J ^«4*ilj t jlal*U 

. fctffcj oUlj^lj ( » ^iU*JI Ci^jCii fJui ^ LiiiUl 

LLJ?* i 1 i.Lukli jjjijjJi ^ jiJi Ji^'lS jill i**j& ciLLlfl^l ^ 115 i^aL; Ijrtj t ^l^jhi^JI liJu/il til*** 

, ^li^lj LiUJl iLljJb' (jail 

JjjAAJ jijUJ ti)A> 4*j 1 Jill Xuf}\ J^J yS jliii-r^i &jt*i liuiAJ Jj jili) f^**^' l)y-^ J* -j^' ^J^ U^ 

^ jLjJl cJ jl ji , jJl J! L^_ )^>j ciJuj i&£*dil jj 5j^i <f_^ ISjajII jjj^I JJ" J^jS ^44; j^ 1 
$ U0.0W Uji Ju)Lii t ^tUli k^ ^ iL-dli j* ij* 380 ^ jl*j ^1 J| iui J-j: ^Jl j#-*U^I p laj^ijl 
JjuJ tj)UI JUl ^ J ^ 8i*)j 5_L»W isdi (ill) ^ 10 ^ jjwJi Ia» Ji* j!*-^ jji Jj «j . J;* J£J 

jL» JJii' , 1*^lj ylj-i'i 6j»LiJl jIIj J iLjUl sis tfiJj i iitfW ■Lui Lfrfljil '*l^t JUjb tj^I i^j- ^Li 
IjfJj . 3jjJ*!l i* 1^.1 fi* Tf j*i j*jJt r^ jjj V#w *Ute;l jU rt jJl u^ ^LkJ siliLiTll iljJlt JU«^I 
^tji iii_Lij d-u^p ^1*j ui^L jijttj'j n*jj^ jjv (> j-UiUlil jjUj .|j*i*i j* U54dl ijp^j Jjt*ll JjJI jij 
dbji J^jj. jjjlj -. k^JI > ^l ^1 ^1 ^LL ^ vl^Jl tJA . ^LiJl 6* SjSlkJl ^L ^ JJUi Ji L^ r 

Jj-dS tjj Dj£JI ojj) jLi>l j^j . i*kJl jj u_jsJb *lyll 1=jh Ji ^ Ujji oiflj . <L*ki Oji>j tjw i^-jJ; Ij^U 

J-iWl jjpjuj . iJj*iii ■ciliUij'ili J* rfia-^ oljSfe l)I> '^' rf*¥ jk*l*l *^* kJl ^' ii*M iS ^ ^ !jtL 
d ^ jS]I J j^j ; 19SS J^ J Oji> ;^j . ^ j jL U=| Jji Jll> yi^L ^IJ jj gj^ili li+J 

. jjyji iiijj ^i L^IjajtIi ^jij ,> ^j^>j Saw jjffl jll 



Hurricane Rtratfarvll Center 
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{ 4jjIj*JI M^jJU ^LSJI .yilill > ji£ iJQ) ^| 



f Ull jtJc, pL-artl SjU ^ . i&$\ oLIj^J jji ^ Jk*l* JjS'l r lill ^ ^ ^ o* >i^Vl ^ ^j 
L^J; ijkj|i UU* & ! L> J^li ^ ^1 ^Lj.jii 0j ji ^(i ^ L^iUl oUdLUlj L^ &ft ^ J± 
■ tf*J* ^ ^ SjljjJI i^-jj k^ ^ UjiUl ol^ijJI ^i> lLLo. cj£ o' v*i *^*JI jtLII J — EUI ii^j 

£»j ■ i** J L ^' fcJdi J** jli t j^ui ^Jiii jLk; ^uy s^j* oUtft i^ Lk; uU jLrti ji j^ 

. jblUl db J J3JI 

kkk, il^UJ :uL> L*_,tf ^U J* 3^L*j( jiLi jI-^jIj ^Liji UJ 19S9 .U ^ ^ ^ . * ,^1 U^ 
hy-^? l ,ls ' « W ^ J^* >iJj**i *«i-Jl ^tf Ui^j . Jlsll ^k-ei ^i ^VLaJl LAUi SjLZJI J] ib-^ L>UJ 
L. Jj UU^g , Li* Uij ^bJJl ^j t JVJJ 4,^1 oLUJL i* L*i .i*i* ^ jjJI *Ufi)l ^UL rJ L 

^ /^ ^ -^ ^^! 'Z 11 ^^ j* gij S** uL5' iiJI fr AJyi l> ^j i^j , IjJSj ci^oil o^jllj 
'** — - 1 ^3 ■ ^ Jl ^ jjdtj ^Ly> u^l) ( eiLlH ) j^i« J^tj :>^l j<>jJI jjj» J ili- dU* L)UI 
■ ^J { Jjj: J ^ N*,- J ^ ] ^^-^' jiv ^ LJ . LL^i $y j*i ji LJj*j iu i o^LJI ^i>JI a»jJl 
^ ip)\ ; Uill ^^ Lj^| ^jjji £Si ^ , ^jj^ij ,bj^l JJ k^t ^Li^ L, j. ^H\ djL ^ ^j* i| 
alj I^aUI oli^JL JUrtl o^j i^uljj i^L "ili^yi ^5U^I Ji ^i ^|j . ^| \- M Ji, ,jjj ^| 
jl«UVij ^iL^i otjjjJi ,> M LLi ^ « jjj j^.1 gl^ y t Uc ^ J^-Jij NASA Ji, ^UbJI j_^JI 



13-1 -vjuj^J JLu 

jj 10G0 J Lsjjj i^ Ji^ IjjI^ i_i^u ^U d'±t .jlUI Jiill L^ ^ U 

^LiJL JjljjJl Ujjj 40 D C JSS1I My* L>jj ^K IjI t ^ Jjw(j JJ y^Jj 

. ( OjuJI ^i J^^-* liAj ) COP ^lj J^ y^i ii^Ji i ^i v i)V 

COP jji dJj^j . T t = 273 K j T h = 313 K UUI «j» ^ ( .^yikltjV^i 

; tjl^j! b-jj (> ,^1^1 ^LjJ tf- jV| 



313 K - 273 K 



= 7.8 



ji i^>j . H f J^_iJl ,Lij jl Q k Uyili ijijjJi 1^5 vJ Jij luSIl siij 

: jii , Q A =10WJ 

COP" 8,7 -1J ° J 
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^ 



( 4jjlj*j! l^M ^ilSll yjiWI ) jia- M >UI 



. JW)i dM jrf *^5 ^i*J t+sii JWj l Hi 4-3 ^jU- COP gji 



JjJJl JIjaI 



; ^li Ijjlj £y£ ^ L^ jLfliJl lid Cl^l jij ^1 

i ^IjjJl J^jmJI ( j ) i jijLS iljju (_*) i 4-hj^W =— IL^Jlj Ljij^l UbJI ( v ) i 1*^1 { I ) Jy»J, 1 

jj^l .[& t |j] JjIju i j j [ ^jljWI J>»-J WAS ( j ) i J^#*)l i^i ( - 1 ) 
jj v-WI ^1 j*L* ? [JLL yjl . UJW o5_>j IjI LJ& j^ ^ ^i ^LjJJl UillU *H*Vl ^ <U*| - 2 

. 5JUJ5 

. i&^Jl l*Jiikl IwjjjOVl jrftfj Wjy^ 1 sjL-^J DUjjIjj ifcU ^i^IjIj . yU5*Vij l^jySilll y^ tflW 1 j^S - 4 

<k«^ J^i J] Ijljfclj Jj*S < J ). t JjlyJI ^M1 r ^l y f^" LfjJ (-*) ( tf $d ^LiJl $ffl 

, Sjl^pJl l-jL-uIj. iLtyi <J^jj ijjuJI |iU5Jj iJjlj»Jl Jj*4il uu^ - 6 

. tb jI JjLpuj d*1a£II jj^ »lj>i».b HjumJI ^jLLlsJI 'U»|- 7 

. ^jl^Jl olj^dij ^i J,hj£ ijielj ciijjJi ji jjjjuJi Sjjjj olAuts o*! j/ 11 rr 1 ■ J W S " *jH °^ ^ ^j* 1 " - 8 



*LuU ^jUjj oUjyJ 



, L«&j]l s,tj*Jl i>jj J| SJLJI 3jlj*H q-jj yj UjIj ijlj^Jl Jilw . 1 
, 5jjy>l jki ^lj "OLsJl ^a Qui ill . ( jJi^JI ) JlSuM .> <*jj ^1*1 oli iJbJl Jl Jjj*il jiUxiJt Ji*-- 2 

■ jt«H lijUi jl 6* j^i ^J/'^ 1 y Ji^ [ U& ^JJ*" i*^ ^^ ^ ^ _ ^ 
, 100% Liji liU£( Jii J| S^IjaJI IslkJI Jj>>: iijIyJI Jj>JJ Ji*j-^l 0*- 'I. 
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( ljj>}\ 1%I* J J$\ ^ilifl ) j±j iRUl ^l 



GtliJJI - - 

I 


■ 

JJUJI 




jjlj*JIJj*dlitliS 


: ^ 


fi l 3 1 , 


y^ 1 j^j j 


U# J**i tfj'j*' i[p*J ii j j-aiJl itiil'l 


^>'- !l 


fviiiii - : 




1 








3jjij*J1 &allj JjJl frljl >[« 


{ J J-U 


) COP- 






j, i ,li Si i_n 


-, fVID 


Qk 





ffi 



U Tj *. Ij ijlpJI ^jj ^ ^^Lu Ljlj* 3j^«j j^ jji^l il^H J,L*, 
(^}^l COP=„,\- 



( ^Ijfl- ixjl ) ^Tfl COP = 



vn 



oLjj«>jj i&J 



x7pJ-Luyi.i,i- 

f 



.iftf&J Jj_« ^1 i ^piiiJI J^sil } ^H\ Jj^ j^ . iJlia.j LI* ^ti Uj^ ^ t^i jjAJ J^ jjj. 3 

. 101) W J(j» Jj^l ii» ox" jjill ( fcj^iJl 3JWI 
JiUI ^x~J ,0* , 13-1 r JiiJL i*Jl L^Ji jji^i J jWjs j| ^| . 4 
jj^l JiUI ^ Jjjj , &\$$ JJtjj j^ *ju ^1 ^L^I ^i j^l 

Lu ollj^l oli ikjJl ^IjjJ J] tJjJj li»4 j tsUl Vj Ui .\1jjj iL^jl ^ 
IjJJU J-l^l j>Uyii. ^jLi j^ i^j^ * Jiill Jj, ^ ^ 
i3_1 f J" * i&« LJ jkl jj fcltfli 3jU; ^ J^5 f dyWI II* S*U5 jle 

U-J ^ U) * oi^ll ^k j^JI ^ gjj jai lii , 6 JJ 1 fr [mis ILL J^ ^i lu* ( UjUiJi yj ) jjj J£J . G 

: W y U^^* jjij ^| JWlj x li^jll y*x. ^ q\ JU*I ^ 
. r = 2 j y = 4 (y) ( x = 2 j ,y = 3( 1 ) 
Ji^JI Hj j^t y^.[ f EjiiJl j j» ^y jj _ i^j^ ^jjj iji^^i ^.^lf| V L «ii aJ^ iuL, j^ Jit j(j . 6 

( £^ Jj-^* ) jH^I fjJ^ j-t ^-SJ kSujklil |j| Jijil oJ^- JJ . Wl j^Ilj s^l Jill ^ ^ gi 
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4: 



.,..^' 



i:l> 






( hjj±i\ ^M ^ dp® 1 ) > ^ J-*" 



JjLu 



13-1 fJJ\ 

oU**>- jyJal UJL&Jl jjiJl JJLP U (- 1 ) . *-jllj^* *H& <*&>J U 1 /^ *JjJU ^J** U** ^ i# <^$\ - 1 
^ L. („*) v LyJUl C^Sl £** yi* 3j>^Jl jj*-t Ul«*l ^» U ( ¥ ) f VslftJl 4*/ll > «*WB| SjJ-J' 

j> U (-*) ? 11 fj-*-J> &j& ^ ^^ j* ^J ■ u ft*** 11 a£ J C&J ^> f£ M ■ 5 £^' ft)** 

S,V ..■» t*^! jy^ Vl -^j glj : j_^l lit ^ ^ i^ JLaU jl* SljLdl frj* ijtf u*q . 4 Jl 1 ■> LBjl 
v US4I tiilkl\ oUujiil jjx Li' . i}UJ! *HJI j^J i&>ll JjjIjjJI JS iJLj.'i" fyl* jji ( 1 ) . ii*j JS ^ 
L*i L. v 11 oji ty*4 jySii) j>Ji joe Lij * 5 IJLJI ^1 ^*n If* C^ o' t& ^ j>" Jj * ** (V) 

J^U* ^ijJI j^J! ^ ?j^ Ji <JU1>I i^ 4 j 3 j.jL-11 ^L, J ^^>-i\ gfl ^ ^j p-jl - 4 
L* , 2* oL&lj ijj-JI ex UJll &i!jJi jjx j^ ^^ ^' ^^ 3i ** jl ^ i> ^ ^ w*^ J*- 6 ■ 

? ^1 j*oJI j* ij^ljj J"^ 1 t - ijJI 

* ; -39 n C Ujjij »^l to ^ JJI ;J yi J| J5U1 jjkJ" ^ L+Jj^J ^ ^Jjjl > 315 g 1^1 ^ ^Jl jl*. U _ 7 

|jj L^jjlii jiS Jjju L . LijJu 105 W JjU; *Ljt »>J ^5L- ^ ^r ^ ^ 6* ^^ [ ^' J- 1 "- 9 

«.j Wj^i jJ j^J h*p *-iII j* U . 37*0 J| 27'C l>jJ > ^w »UI 6* *Uij* ^ U4. iii>- . 10 

v* jA i 3^ 3.7G lSjU f** J! -90^ ^j- 15 l)l>> ^J j ^ feW 9 tr ^ r^ 1 & ^ OJ ^ ' u ' 
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( 3-jiyJi IVM jW tyW\ ) ^ oltili j*«N 



^^iLuj^ijJ^ilWL,^ 



iH Tfj-. 6.5 jJe U^ J5 ^jL^j ^90 K >"Sl Sjlj* l*jjj 350 K k*Jy Jjly. l^jj ^JU] i* 4j£, J& . b i 

■ O^ 1 5 ;l^ ^ ^ 5U) ±i okLtfl iji L# { I ) »>*)1 j^ . 340 K J] 6>UI »lfll ajj* i*jj 

■ (V) J ( i ) u*^ 1 J WiP^l j*. ^ j^ 1 **ji M-) 

t^jll j_Ls ^_L- kiln LujjiJ^I |ui j* L* . 5ii^ jle csj*)I p hlj v fi J L^ *Ls .Li ^^ o»j . 13 ■ 

. jj^> 5 (_*) . hh£ 2 . jjj^j 3 (l_i) i Lbtf 4 i ij^p 1(1) ^^Wl 

18-3 juU! 

L*,j J rt Ui-Ul i^lyJI 4Jiy ^l;iS fi50°C tfjlj* 4*jj frL uj) ^Ul »>Jl dylp Olpi .■&*** . 14 

V J^kJf in o*J i^JJ ^JmJI otli£J( ji L. . jjb c,l>£ 65^ tfj^ 
Jj-ay ( fi00 c C J^ tfjlj*. <*jj jUj ^a Jfi Djlj*JI J* j ^ 5ij*J! OjliJl LLjjjjJi otfydl J _ 15 

oLSyJI djj j_>I Bjjj ^L£ Ijj . L^jE 3JW jJ 4(5 Uji WJS* 4jI*JI ^liJI U^l ilSWl J^j, 16 
f 24 h Jx> 4~&i*ill ijij*Ji i»jj jj ^LWI i^ J| dyJI y* jifi Sj1j>JI ItA ^ L { i j k m MW 
T ijliil o^ Jl> UUII Sjl^JI ^.jj jj yjJl ^ J^Jl t*.i^ ^| oLLJI ^i' ^a i. (yj 
oU^ c*;l£ IJLi . ( lljj .30 ) '^\S i^i ijii** iLaj lUu 100 W ^jjJ LiL j4 i I^Lai cSy -ji Ji! ^!. 17 
4iJi JJ u _aili l^^l 43Lk)l jlji* U l am. Ji 30 U ; j3 i»UL >u u iiLWL J>U*, j*; ^|i .^l tfy 

V uJl li^J LkLuL 

IJJ . ( jjJjjUJI .jl_y_>l bjIj^j. ^ u*5]l oi* ) 50,000 J/)? oji Jiw ^JjjUJP jljl*i £a Sjlj^Jl jj_jjui_ 18 i 
f 50 hj] J^i pji ^L libi itUl yi 4Jji>Jt oJjjUJI *-S ji Ui - 4iUl J 25 SjU- d_^ b\X c*)l5 

^l o.j^^ UL^I itLiiJl J-j U^ t %U\ J 30 Jlj» 4^i>J| <t 3i 2\ Sjj^I jJj oij*y iJL*Vl hUSII. 19 ■ 
iUuil Ji*. ^jLi ^Uyji^l 3jIj)I ^j*i^il jl3^l »jlj> l^jj pli;^ l^i iilll J 40 Jl ^jjb.^1 OjJ^ JuC 
, 1000 MW U^* Ji ijj ^> ^L£ Iji iSjfiJil yjl J«j id>j i, 1^1 J^j ^ S^j ^ ijUl 

LjLsSi ^1^1 yWI y .jJ+Jl jli ^i iu£ J* yjp ^ (j^ . ao ■ 
Ld pjil^Ji ;,U iJU q^ . ?sl atia 4 V= 0,100 m a j T = 300 K 

,jjrj ^ij i».i ( i ) , 13 2 |» JJlJI ^i AiJtTM ijjJL ^ ^ 
u*->l £ V ) . *Jl> Ji' ji Q SjbJ^.^1 , lu^i s^jji U^i ^ ijijxJi 
*. 4fo JJ'Jt W »jU^ ijJJI . ^ 1 l ijjJl 4^-1 J Ja^JI ,>j Jj-j 

13-2 f J&4 
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ZJOO - 



g l.(KI 



D 

D 

I 
0. 100 0.2M 



( JLjkpji iiuiiuu ^m opw ) >» ao j«ji 



1 Him - 



k 



T 4 =300K 



lUUfcl- 



Ijjjll ji J1L jbs i* 2 mol jit jj3i*i j;lj* Jj** Jj*> . 21 ■■ 

iJ**JI jj LJj% 13-3 |» J£AJI 1*Jp Jl LjljiJl Li-LLJi 

S*LiS y-O-l ( V ) . cjUmJI si-* > Jfl W j Q ***! ( i ) 
^w J^ Jjj4 ^ ^j*ill M0 y-*l (4r) . Jj>Jl G* 

13-3 ^Jii 

Jjju, tlilj ^ Jj]j*1! jE i^l\ \» ^i U*iflj * 0,90 kW jjLu o^« j^ M Jl iyi^i *j^' - 22 ■ 

T ijJI I)* l« jj»jll S/j*il J! &j.1jJ-J1 Jlkij Jj« ^ I 1 jjjjU li*J COP i*J U . 560 cal/s aj i 
>jJb j Jj*« jUJI tljjJI Jl tijlj*!! ^jWI J^j tt&j i 0.90 kW tfjU ^ JjL, Juy ^fl ^jltii ijjill - 23 ■ 
kL» >■ jf* * L>jjll M3I ^ i*^3 tf>^ jill <i/3l & tfc&l ^ ^ ly- f* ■ ^lill ji 560 calories 

f tIjfJI «J£I CUP la$ U . UUt y LuUwjJl i^jlj*JI Sj>>Jb i*#Ji 
Ui L ( V ) J ii>b ^ IfiSQ cal Uj) 'iSL^A\ wWl jUL L ( I ) , U lSjL, 6j« Jj#1 COP J jjjtiL 24 i 

v ~a*i j* a>L &. 1350 cal yiji «ks-j o^ l)| Jfcll li*-l *jdU "j-^ 1 
^jU . WC Ujji y^ i^y Jie J)ill Jj-b j| djI^I J*^ Ot **? (hJ> j* ty^ ' lJhJu ^ ^J - ^ 
i ( jjUi ifjjj»J| ^l^iJl Sjlj> L^j usl ) ^jWl ij^Ji i*y c^K lij Ljl^JI i>JJI ilfJ uiu COP j^i 

;-g0 a C{y) i 0*C(J) 

(,1 y^ jJJI djIjjJI U45 ^L^ ijLi . 5°C lA^I ^jlj> <*jJ ( W^ ) J j^ jj c^ L f^ ^ ^J- 2e ' 
13] WUJI J^Si **j^Jl LiL^l «yi '-ijjS ^* U ( i ) i 220,000 J jjL; 5T J| u^ jjiUl li* L*j«. 
jJJl jjj ^J J 'ft. (£ ( V ) , *J 4jfc*fl ^^i COP JUf J**- j/II jj ^ p 23 U C Uy)l fjij* <*y *J^ 

* $O.075/ltWh ^a-il "^0^1 ulUI JJti ciilS Gj 

^ jbX, & 0\ ^ D' fM ^ JB3 > i,3U . T h IT, -«| /?, %u jiiiii or^ wfi ^ v-> 

li+J ^y*JI Uill ^ till ja^j iWP ^4ii J^ yJS Ijji jie ^1-lJ iHj - U-jJ 100 lH^ 11 s ^ ^ ,Ul a *^J 
? Sjlj^JI ItjjJ ^WU! (ij Jp iU) Ju^fj o^ 1 j^L dn JS W U . Qji /$, = 0.732 o' (JUI ^> *#» 

■ o*j^ > tSj^ 1 J^^ ^M ^^' !i * y ^>^ JI JaiiJI S* 'j 1 J g^ d ^*i J* 
Uilji J v^N ^^> S ,J Jii ji L ( I ) . 6.6 a Jll> 8.3 m/s L*jAJ « r J| {>£J\ & JjW g^U3 - 28 i 
, U\li jJ VI U,J ^Ui, k>jij %LJ 3jUJl ^1 ^ ( V ) « U^ Jia*1l jSlji ^4* cJtf lil J^JI 

.DO^OGJ^UJi 
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( a^ijjji iiuiLjU jiisii ^m ) ji* uidUji j^iii 



2!) 



^ E ui y r ^ u^Li ,u r o^i iji^ pfi i-^ . ijin ^i Si [tf , ^ j^ ^ .| ^ 

0»ftf tfS ISm jj 70 Uyj J*U£, J^ Lii*^ y> ^j jji ^m ^ J^tj] 400T ^ ^ 
V* ^ 3^1 f J ) . k^ll SjjJI J^ ^ u jn, ui v o C -^ A ^ ^ ^ ^ 
^M L*» i JISi jjjtf d^ ^*JI ^ J* 6 is Gj ( ^) < jj^jH 5jJJ j, j^ yj(| i,^, ^ * ^ ^ 

'. ii^-vdJ oijj i'Ui' ^j! 
J-*0 r 2 J ?'i ^jJ Ok Uw*' J*«i « JljUl jk ^ y yu, ^i^ ^^ ay^ 20 aU! |«* _ 30 ■ 

Jlj^l ^ ^ JjjiJl jjiyi jf, i $1.25 /^l j^i j^! ^ $0,075 /TO ^1 ^ 1 ^ . 31 . 
jj^ w# ( I ) ; ifljLi UM Ltfl *|^ 4J $> , ^W Jfl Djl^l > 36,000 kcal Uji fe£ 
UUI ^ Ull ^j 100 Jjjj LyL^ ^UL>- y^ fy) t UQi ^ 75 U> W& y^i J^ j^ 
J«*ll ^IL£ ^ . 4 rf jU L<_J COP Ljl^ ^ J^J ^ f USoJ W , ^ j| i^fli 

Cm l^. UjL^L ^ ^ jj a^| jyji j^ ^ ^ ^ M , ^ ^ ^_ ffl m 
S^JS Dia ^U; ^ W out flfc, L-Ui <^L i,liS)i J^^ jju*! . y- 1.4 ^^1 *j^ ^ LJ| ju,^ 



nliiil b 1- 



/ 7i y-i 



W 



2 > 



. V t = 20 V, Ujux_j V 2 = 6 7, ^ J^JI S*t^ u,*^! ( V ) 




.1 






13-4 r jii 



-m- 



>itf£ijit^ut 



i "tjLJi yjtj->j LS^iV 1 *J$\li J^UJl J^fliJi ji UjLi; 

ijLiJl aii />( jjlSIl jjiu j>JLdl ^J-aUt ji ijii Jjjj 

jAp jjLy jJktu 4jj"jllj . ^tf-jll <£>*Jlj jljifrlll -L-ljjJ 
jjjIjJI jLj^ ,py jJj: *jS#-ll ^'!. l j^ ! *kJ*A" 0' ^ 

jj i^il_*jll jjjj J&\ IfjjjJl Cj15j>U IkuJl iilj^l jAju ttkfij u lljat liijll 4$j*ll J-o^ JjJiJl li* (>lI>J 

, Ljl^> j <i*»^ll *ikf H-*W oUjJl H-iw jlJ ji^l ^ '^J , ijjj-oll 

ojjjji ai^i 14-1 




I 



JiiJL t-bjII JuiJli i ^jij *i'j* i5_>*J' j^ 1 SjJL^il i*knl *ja» Jj 

-j JUjj , )^» juu cijj Jaj ij* LL]j CUj ( i-fiihi jl ) 3J+! i Mi* : 14 1 

: jLM ( ^^ 

. tt.\£ SjiUil J*J ijfll &i}Il ^ ( jli jjt^l Jj^Ji } t ;lj^i ijjj 
-497- 






( aL>jilj jljalll ) jit g\J\ yii\ 



If 



1 






:14-1 Jii 

, j^l v^[ 



jj Jj±-Ji uy^ ^jji ^;Ji ^ 14-1 J&J^ ^1 JjiJ! yi> jj f ,jjJij 
5j-S j^j jill JWI ^jJ* .y 3jjjJI j[ ^ , A J| Otfj C J} A i> ***jls 

J^JI ^1 L^l* jSI tf^Jl ^ . iUtf ijljjAl .tijj A ^ ,J^ Jjj^JI 

. jljj^'ill tjjJj JJJ-lj lyj J^l> 

. Jo)li iJuy j^tj ( jljja'l'l JJp jt kLiiiL U lj*tf 

. L>jJI BO>j ji jl^l ^UaJl Lj_L£ ^1 jl^l i.jjj JJ£ j* f jl^fl JJjJ 

330 jLii^JI jjj M, J . 5W (h" 1 ) lyli Ji) ol^jJL ijb: &\mj1\ ,> ^j 

^ SI >UiJl jJ JjjjJl dj>jj . 330 a i djjjj" j^L Jiy t 1 3 i jlj^l ajjj 

jlk*V . 1 Hz s 1 s-» : LJIDi J olj J >TpJ j>^ jjj i (Hz) jjjfJJ 

j*J iLi ji*; Ha m*j]| ^1 ji'l" ^ l LuLjj jLwi <d ^ Jkaj * oKjjJl » 

. Li& Jfi ii(j , J 

■ jjl t T ajjl Li*j Jjij-J iLKJl ajljia^l fo\ iiu>j » ^ij]l i»i>J 



/'" 



liijl^l 



J-w jljl*l 1 



(14-1) 



H 



^_* La** L5j> 3jjj c*iLS' IJJJ . 4jjjJl olij>JI ,*4i^ if jJiij 4^1*11 oil 

. 50 Hz tfS* Ltjjy jli tifc , UMJs 

, i£jj-JI ^_i J) ijj. . ijjjJl *£ jJ] J y*l ij^Li LojI Jliii 

. Ijlfl jtrf^Jl jlli *j Liif ufJl ^|U| uu \i 4*ljJ -ail J -Uji 

ljT J^^J . iJC ji AB oLil ^ 14-1 JiJL -iijll JjiJJi iL> ^ Uli 

, i«i Lfjyj* jUw]I r^j^J j^ 1 *i^l 4JLJ1I tijO jt i*JI 

lfjJ-1 Libt ^-bj jl^_ll J_tJ I 3_it» 4^ Jb ifi*^ JjLjJI Jpjll 4L Ja JU3 

jlA lusji j 14 i ji^L; a^ii Jjjyi jjS jjj u^ , k^ *^jji 4i^ju 

i^> SjLt I^J /jj£^ Jj ( l£j>. Jili !^J ^ ^ JLtjyj ( [ILjJ ji-J Lp!i C 
L^_li /{ ikiil" ibJ i Jill »^jl!u Liini b JJJj jmi . ,^uLiJl ^u!a ok lii Jilil 
JJ^ tjill 4iQ» fji ;Jf.j . liuiJl utl» /p LjLu LjS ■ ■ -"^"j l Jkijll ^IL jjlo3 

< m+ 3Jl^ ^4 attJl lid j)jiuj . j*l Ll>ij*J lj*f* "U*J 14-2 J£HI Jiijj 



4«S_ 



* — +*y J**f a ' ■ £•*>** { 1 ) 
^ j^ijji l-lk yi AiiSS jjtj j^j 



*.j*j jfr .j^ ^j ' V tijUfc* 

iilL-Jl LJiiH ^Jt Jibuti SjS 



( ^L^^ilj jlji^ll ) ji* ajIjJI JjiJI 



LUj JiiVl -LJI J* jJ}j; ^i L^i*j 4JiSJI ^1 ^jii J^j ; ilij^Jj Jjl? ji 
i jl>^! UL> ji dj^jJij Utf I f Lfei ( i ) *>^Ji Jiwj . Jt£b»l ink $4j 

J-J JjLjuj ) , A-ijll Iji jj j*J I^U> ItSJl jJi &/}il *Ji*ll- tjiJl ^ i*> 

j_j)il 4_i .FjJI 5j_iJI jiL ^ dJLj i ^jbsi J! SjuyAill aJj a* JU JJ i^M 

. ( Liilj IjU 4^1 ,j£ 




^wsmsmsamsm^ 







w 



. v W'2 J£iH< u^ 1 -* B >ijll Jl *^ 11 %>*! ^j 31 ^^ L ' i**jW 
<L*£ <J (j/j*1 iilif LjJ-Ij l LLJI ;j) »Uil ^jjjjJI jJ> ^U-i uijJ LJu' y*j Ij*j 

a^ $ UtfJl a&i tiLi . r = mjII JJ j^l e^ tttfl ^j Jj J^ 

J^*. 4J*i)li o!^ * 4#$' *^'j* *^-^' b*^ ^ ^^ ^>*^ ^j*" ^^ 

JJ ij£JI J^: y U (>£Jj , x - o Mjll J! J-w jJ* di*^ 1 J! s j^' ^ vw 
jj Ljixll j*_»JI Lilt jl ;>JI f-iiyi ^_. , dsU-aii *LUl <_^ Ujlkll ji^JI 

. l^oll toJJ <s> ylt i^» jk fi\ jfr ilj^yi 

^Jji LajAil $1 uj^ <5_^ uli 1+J jS Jf = ^ ii^ll Ji_^ o^ ^J **3 

jt-ijLl JJ UiSJl J^p*jj , *J SilLJI ^Ijiiilj ilj^jll jljitl dJi* v^-SJ ; Jf = 
j^ JJLiSi Ji^ Lp£j> Uii? JJ cjiB jJ j3_£j ^» H-2 JiiJlf o* 11 +I d 
J^jJI jj i^. iilt Jj Ml "i5j> «lt Jj*j5 JiiJl lifjj s iljfijfl 
. x - jc 4) jlIc LJuJ IjLa AlliJI Ip^w t**J JJ J ji^ v ^ r ? 
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(oL^iijjijijyi)^ uijjijrfkji 



i=0 



|» / wwhr*- 



i «ff, 




v- 

&j*l! J j*l^j i "6j> iSLt Jl LJ5 oUJI Jy^ i = iLiJi Jl lh£JI Jw>j 
jjj ■ s = -io J jj_w s^ ijtl' J^m ji> lljojjj J^jji L^ J Jj ijLu 

, ijtrfji* JjiJjJl J Dj^j ijj*- <5lt Jj ^J^Z Ji ^sJl lilt J4& a^M lift 
ar = +r j( ^j l^bj. LjW ijSII }lja*l « j^ll Jl L>* jp j^ tfpJl jli i l&j 
jjJJI wJuis L.jj 4jl Ji**i . itlUI L5i£>l i^ j! j>jj 1' Hit x = a j 
Lilij tij*Jl Uit ^ l^lj Iftaj liyl LjiJli 43LLJI jli l+t-j ^LJl ^tJlj 

, &y*» uitJii , fy« JL yai owi ■$$ i ^i 

tijt jj jJU* ^Jj Jjjuj oijt ji aM jJjJ jus JJjJ *jLi( JAy ij*jj 

J_i,^ UI*1( Utfjl fy ydti cow d^l JikUj Jj* yi>JI ij* J . y/jl 

J! jj_jJl ^j jjii J| J^jJI j. pjJdll 5*1-1 ddiffl L,jj jljrtl aL> jj ^IWi 
3^J Jj— ■ L^Jli i^> oSj>: |J JAJ Jl ijii»s iiU> iMJI uajjI Ijlj . JiJ 
&i> jl j^HLj j^*»JI |>J , <j-Jj 4#ij jj *Sj> J jljj")!' /">■ ^p* \k\} ^J 

jjLJI LjBSl tfyJJ X IIJU, Jj^jJI ^ iiUl ih$$ hJj\ L^jiJi i5j>]l 

. ti* dJ: oLub <j£J jJ IjuU j i '^iisLL. 
jLaj i ijifil Ui^l li^i ^Lii jVL djjjjllj Ml ^Uruj Jjj^ J«j 
Liltj Lij>Ji Lilt j^j jif- 11 pUull <5UaJ JjE^II J^jJ'j £*S Lyu** LL^'I 

£ ^uJ-l jl £*J ;> iLSj^j i>-^ i*V' t *}V i*ti j' > 'ji^ 0' ^P-j 1 J^'^' 
. JjjJj ^i iJjiii! iiliJI jL^^J o»JjJI y4*< ^1 L> ruiiJ 

^1 J^ftJI UUgij JjA ^jill 14-2 



:14-;t L 1S^ 

Ai — ijj iji>ii »ju^4i *ji) ijii,j 

jl_i i v Uki_u^l jIjLi ^ ■■^iin 

j jl— * r,,, ii-i* Jjjj-i jiJ*j 

F. p(] y-Jsi* i_-ij iiJl>1 ^iU*Jf 



jyli ^2 ( itfj^L Ij^uJJl ) LjJs U^iS'l & I Jii' jl ^UJI J-siJl j LIjIj 

JJl* j-ij . 4jj— g i^Ul !_j_iiJI *_( ^lili «^l JjtJf jl It Lj ui i jiJI Jja 

: '&%& lL] F, M SyJlj ku-y d^i i^ Jjiw 
^ ro = ^ 04-2) 

J_£J jJ_jiJJI jJ SI .ItJ' ji 43U*JJ t ^jJJjJ^ Oj\j j*-m i«li jljftj A klu> 

1 J^l cuU L(jj ojlj MS* 1 Jj^jll « i)lj£3 « ^Uju d^jJl ta^fij . Jk 

. ixn jlji«, Jj^jJI illt^l l*jMfl ijaJi ojlj US' 
. I 14-3 J&iHj w>jtl Jj^jfl jj«^» jw ijSfl ji^jj t-ijS v 1^~3 JiilJ' r*0%i$ 
. ( lifi ijjjli ) (14-2) ihUJ Lt ^ jjLj iL* ^^j -ti ji SjLj ji*iil li> 

, dtf jyl3 ,vu; tjwyj ji J*j djjgj i O^JJj! ollsJl uL> jlll jjLkJ 

UUI ^Lj a; = r c Jj a; s ^t d^jJl iJ^ JjlJl JiiJl jl oL)[ U^*j 
_ 500 . 



( dtjUj ji^W ) ^ ^yi >iii 



I*Lj ji iL»yj Lulw JJj jji*Jj . y 14-3 JUL j^jJi ^*3™JiJ*WI o?o 
ipi*N f jL$I *il *lJail 33* j» J^j- *i*» t f f to, JjLi JUL JJUi JjUJi 

UJsJdi ji UL>; ijli . i-*i\^ jj J,jiH*jJI bjLjO' oIjj i Lii ^LjUl jj3 SisJjj 

ii* Jll ,> li+ ju£ JJAJ )>|Lu Z = tfj JJ X = U |> JJiJuJl JaiJi o^ fy+j" 

: ji| ,^ = x a JJj: = 0>^3Jl 



.xJ^JS^Jll^l 

&»$ PV ^LJl wj]( »U&| Jus ( IZ-'i jmJJI ) iLLII UjLU*j bJ llij 

i llcyl ***^ dJJ J ^U$ Jjkj i <U*> j^ IjJii jLt ikJjj JjJjlLI J*^ 1 

J 







1 4jl£J J illfili JU» ijj-jJ Jj?L* J-aJ JjLa' «^J*il l*L»l j 1 ^i>j 
jjL^" jlLJkJjl ^jO UiljJl UUI ji 14-3 JSill > J^ jl ^ yil 

jH S% i J^jJl SJLbJ ^ JjV 1 J^ 1 6^ *> U1 ji » ^J ■ ( 2 w 

.IfJjJI OIL ji ^-.rrt iUS jJ* *Uf . djfJjH ^ <Jj**ll ***!' ^ Jj 1 ^ 
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(*i*jUjj^i) J j*£yij lfl Hi 



(14-3) 



ur s $t f Ifei ijl j! ) iljiij ji ^>X*Ji tjll HUl jL^J &» L^ jij ^lj 
^jJI r LfcUJ jljX^I ^ jjlfll ^ ^ 4JLUI ^ ^-li r i^| USSum * < ijf 
Iti J*t Ijaj , <ix^ jJIMl Ally j! 4JWI dfc jj L^ all , 14-a J&J^ 
Utfl U>* LS^j Jj^ijH ^J U^Ji ^l iiit ^ J ay, ^ ^uj 

^ j ^llj . x = Xq ^jl\ i-. ifcfll jlstj &*J 14-2 JiJL ^il ,&|| J| 
jj ijKJi iilt $ t jAxJ jjUi ikSJl dt J f l£J ^l^tl ^ISII 4UJI ji 

■ u*^ **^ *i«j y**J lS' 



EPE + KE = 4ibif 



H + K=>» 



(14-4) 



&**) ' S}!^ 1 ^1 Ufa* ji li» OUilUi . ifiU, fa 1 l|-4 UjUHj 
: tSjkll jl* J x ii£, J\ i& Ml ^ jL,) 1 L^Lii^' 

j>l k*H , Uyj> ^i^jjj SjU] j« 14-4 ibUll ^oi) ^ ^ 5Jji*Ii ais Jii*J V 
jl J^tf iijJl jij ( Sjlj^'l 1^ J Ml ^ [^ ji t x = x ±# a = 
Luiili* ^ jM_bJ! m» j4w -liil «j . * = jjuj . ■ x VJfe im , L^J LJ y£| 
jUfcj $| ^^ LJl* ( ^yij tf^j jSilt ^ oUall JjLlil Jj*2ll LL^I 

, 1 mi jl jilt Sjlfll Ml bj* 
jj4i (j-* 'jljiai ^1 j^ Uj^ . SjSji! 5MII 4L*j; jL^I $\ Uc Ju^ 

F jljL j[ *-tj , titjjl *iy Jl pU^ I *Jj j| yj^, ^Lt Jjju J^l j Liilj 



;14-4 Jti 




-j.. 



+', 
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( CiL>jllj jljJ*Vl ) jblfi g\J\ }*i}\ 



(14-5) 






j»_£j t jjjj jj^jj DjLnLw"ill 3ji jli * = ji* Ul ■ ijAfcijli ijj3j ^ ^*n 
jL*}I 14-S j 14-4 o^jUll Jl**U l«&* ul ^ l&Ewj . I/- JlilLr Si**]'' 

, * o-ljl tfl a*s <tSll *l**j Uj-< 

: J4- 1 Jli* 

. 20 cm jIjjuj <gWj^J quj-J ujas ^Jj ih^ij ^s 500 g L»^jj ij5 ci*l£ 

J(ji jlfj iUu j-J_^oJ 2.00 kg Ubjlj** oj>^ *-^il *J* LJ.hU Oil yi^j3 

**J^ ^£ 40.0 cm Ujji IjL^l. $! 3_Jj£JI tia o^ji . 14 4 JiilL fattS 

i i $yail\ Lfg** (U) ( LbHJ if^^l IfjJl (I ) ' *yl J/» ^JH p l#*J/l 

x = 10,0 cm jlf Lfil^icji iJiSJI ^jw (->) 

i j2}*U JYiiml 

? lS^ 1 ^j-JI ^ ^*^ mSJI JjjriJi y U : JI)- 
oU* jtlMJ LjlUl LatkJl jj_l" LiJjj ^y^iJi Lflui ji «jJl ^ ; L)L?^H 

I £*jUj UjJl ^ rflll jib^iJi ^ y U : JI)- 
2 2 2 " 



: x = oii : ^j| 



liaB 



iri!iV 



uJL 



(m 



^ hfM "JlkL-^lJj U>LJI Jjj)l .jh u-Ji ^U ft il^jy ^L* : U*?l 

» j^Jl ii*jJl w 4ii>j ^lijiff j* L i (j) *>il JJ k*®} ; Jlj- 
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{ ab-jllj jlj^l ) /* jljJI J*mJ1 



. L/ *LJl ^LjJ ^j iy}\ ^U ^ Uoii l+J i»J ^J] JJ <L*oOl JjO : kl*Vl 

l—vvl IJA . at = +Jq iif |jl t LIajJ'I |jj*il« ■l'LLjI -jsI ■^-''- ,& l^^m li*i 

, U = jl s IjArf- tfjjj! oUj U& Lii* ji>uj JJII l(jJI la 

t*«g*g' i x *Q j* £j ^j 
ji i^j . ( 14-i iJjUl ) 4JUJI *Uj ^Li >» i ^Iji t Ijfli IJJ» : U*}/l 
U*Lu jjj . ,44^ 3£j*Jl j^LL f*f^ jjU ^jJa—ij *J>^ yj\ jic LJSJl iitkll 

o**j . F = -Ax abUO Wj a^I ^L? iJjjjjJl Lj jJ^ ^l jjiJi j&3 : U*)(l 
5j!A*iJ UJj 4i*m3l ^£ liyLjl j> Uj*>j LJji m. JU jjjyl 5 jJLl I JLs j* si* jf 

. F - ma 

j 

jjj a* F«bj i^> ■ ^ji A JJ u-JL (14-2) ^jLuI J> Lk£» ,liiuj[jj*)l 

: 500 K iMlf 

, (0.500 k£)(9,80m/s a ) _,_„, 

k — — = 24,5 him 

0.200 m 

; lji\^ Jijjill ie^Jl jljlo ljLj. ^^4j IjIaj ( t ) 



v%£-«"«ftg^«J*-» 



• (Jj ! -" Jj-rtiJ' iLuJl (lj) 

kx Q (24,5N/m)(0,400m) 



l]ULK 



m 



2.00 kg 



a 4.90 We 2 



j x = +10,0 cm & ii^Jij (->) 



a _ Ax_ aiENfaXO-lO Oml _ 
m 2,00 kg 



I . ■ 1 



r JjA ^!i ^jju nli^jjil 



2 f, 



v=±- 



M-/) 



m 
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{ ouyij ji^i ) ji* h\j\ j^t 



+. 



1(24.5 N/m) [(0.400 mf-W.lWm) 2 ] 



2,00 kg 



i ± lifi m/a 



, a; = 10,0 cm jj* Ifi* jjjlLw 

, 0,613 m/^ i ±1.39 ink : Lb-^l . x = -5.00 cm ji* a j v j*ji ; £j» 



^uJI Irtijjjt ^yJI 14-3 




_ I 1 i.-y ...1 Lml J L F || J'l 



jtjfci 111 Jjijj J ULJi UiS3l L5jj* Uj t 4jj*jJI i5j>Jl i> o^ frUil dli* 

L L w^- Jii i*j_u iljijj i uLul Hl£j! l£j> l.jLn L J ui . &^JI ill *lul 

^jjl kji *Ji ,_■ j^j -■I I "L_ijjjJl Litjll tijJ iLuL^'l ~l_q J I > . L,hiil ii'jjJJ 

Ml fib iJl> ^ i^<Jl ■£»* tfjjl ( 14-2 iJjUIl ) Jy ^jjli ill Iqjj i) 

, iljJJjJl uIijIj k ■ * ' ■ .*■ 

SjLl^I tjj - - ( *zjj\j ) ( yljj^l jus^i ji 4*1})' I ) (14-6) 

i*U t'^il LLiiJ ILu ;,i ±»i_i i±L»JI i Jill jjjtJi jt jjLiIj^i t j jiii LtJu^i 



( culi ) ( b-^l 



a=- 



toil 



S yiui'l 



(14-7) 



S-jiitjlil lij>IL (14-6) UjWL dLJuJI SjJI ^Jb a*3 »U* jl <£j> ^j 

. (SHM) IkJI 

ijLiL-l 5^J |.LLUi oUl^I <*** **iWI 55^1 ^ iKiJI 5jfil^II ii^sJl 

^jLJI _i uj^LlJl c*j jL^jJ lu£*i jj« lJJjj jl i SjIaL/SI p^3 JiJ^j 
5j_*J1 cuL! jLi liijy . jrtll r UwU ifl culj ^^ iSJJIj , (14-7) j f 14-6) 

j^Hl aLJJl iSj> J ft ^ijjui^Jl CjyU jUwL jjjl j J I Lr i 4fj*Jl iJJ jJ ujiL 

)«_} Cjjt kj-Lij jjIjlu^^ sy i^l ijiUj |> Li^ U IJij . UUj" JjjjrfjJIj iliill > 
_5fl5_ 



( lib-jlij jljlftVI ) jit *j^Jl JjiJ! 



jj_>! Uiil JJ JLal/Jl JJj , d4L> l^Ulu liilu Jj t jjj-l jjj <lfU\ iSj^Jl 

, l*JJjjJ lj#*J jliij Tlj! jjjjl JU 45^1 frj* jlfjfl jJJUuJ kwJl Ajj&jjjl iij^JJ- 



i -jfo !?£ £*| ;> *V*J ^iilji 

. JC = ID COM 



4ju-aJI 4j53ljiJl iipjl JJjJ 14-4 



JjL&Jlj JyjLiiJi oL> JL*^L Um^uJI 4j3*IuJI t5j*ll jj^jJ jjjju jI*o| j^wj 
J_eLLi]l *_.L_ ijw .11)' l ;/] Li luLJl UjjLJI .jiOLu-i LiSJj . ULJ j^U <jL* 




. U^Jl sifj L^k^s LLj 14-5 J_£Jl Jjjjj v ^li^yi ijib j*J ijjljl fi> 

Jmj Luu Af) I At - III LiPj Itj-i kLilj 4i~j* LjjL Q 4i'j> <_Ltfj Lirl ijijJi 

i_L^ ^jljJl^ j^Uj to J 7-2 *-iJI ^* jSJJ . ( 7-7 iJjUJl ) w= y ff /.t SftWL 






: ijjjJl ujMi jj^u »fi . 4jjIj JiJ liljjjll jj* ^1 : f iij^Jl jjj3 ( jj] 



t x j^jJl J* Q *j-i^Ji IJLj ajjj Jjuj ^ lLJuJ< ji 14-5 J&JI jj Ji>"i ( 
Q *J-t*Jl jJ-4 l-*^ ^ «iW jA**j ■ 3; jj'-l*^ ^5 jV Jt= .Vff 608 if 

-BOG- 



( c*»$j jljtoVI ) ^i* g\J\ ^ii\ 



; oiwu y ph^jj yui tt>u ^jfjii DjjLbJi 4Lh«]i ^Ims l ra 7) sjjia uy> 



*» 



14-5 JUL u4u y US ' t J>lj Jl jiwll uuO dl^Jl J J**j a ( il*»ll sj* jl Js*1f 

a if) = fl t cos & 

.JLJl sL^I ^J jiji ( a{P) j\ | f U&jl U** J <JUi S,U$ ^JuOj 
o^Jlj a t 4_ij£jJI jjjUJI U^JL- u^LpJI jxjuuII f\x*JuAi i jj! , jj ; j_WJ 

■(f) = (A (14-8) 



a = Ax UWI 6" JU3j i SUM J^s P ttttl jl *& 1j> . ^U o i 

, "iL_Ji uiil^JI ii'yji U^aI itWl Ej^JI Jiw 

[ <1jL-mJI 1^1* _j ULj Cj*S iii^*Ji iu*JlyH tfpJl JJy jU>jI wvjI <jll 

: J j*; (14-8) j (14-7) ^jt*il JLi-Lj 



a = -ti^--|-|x 



m 



: JhJtf a u^J ffa l&j . (14-7) iijUli ji ijUi ojB * i 





[it- 


1 

Iffi 




(14-9) 


j> 


P jj-ajji UujJl 




JJ/ ■ 0J| 


/- 


2n 


2k Vm 




(14-109 






id "L, ■■11 

J - » ! 


^iljl'l <i^Jl 


d jjj jl Ui 


T: 


.i. 


= 2jJ^ 




(14-11) 



/' 



ijjj Uu£m 1 ikwJl Liilull Hi'j^J] Jivj JUaj l>u^ ^ j&U^I IJ* u &•£>$ 

pLL jt ijjjj jjj3J jLUJI u^l U* (14-11) j (14-10) ^jUII j g£LA 
jL^I LuJUj 1 ji*» .IfcJ fe B^iJI clU jL>j| Luijl tij t Upj , SHM Jj^Ju 



14-1 ^jwy J^* 

, 14-1 Jlili ji tiiilli jjUI itO jljtal jjjS o>jl 
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( ol^jiij j\jiart\ ) J* »\J\ J^JJI 



LmSIi UtfJl cObij 24.5 N/m iJ^jll c*G jtf JUU Jj ^ : jiln* JVjjJ 
: J „i*J (14-10) iJjWl JL*i-L t <^! ■ &(H) kg J^Ji Jjfe ^j 



2rt\ 2.00 kg 




4juu*JI &yji 14-5 



iki_jj 4-iiisl JJ L£j> -J \lj_j I— Lf ij 1 4 l> . rf ^_yi'Lj, <UjU« v'*^ j^' &« 

: ii»b jlaju 5-14 Jiill ji P M x jJk**"Sli 
jc a a u efts (5 

JJLJJI *U {ik. ^ *±yi ud.jli**J* OjH^ 1 lM J^ if** J! U^ 1 j^ ■ ^ *fl L^ > COK £t lijijt uji_,Ll I fr\ Jl 

■ 4wJI '^^ j^yj ^j< $i ^ J_iiJ! (j* . 14-6 JliJU jUty U* U5 cos 9 j sin 

jiJity , ^Jbi JL^ ijjlj 2ff jl ; 360 u Ujji Sjjjj +1 jl -1 ,> CjjJ jl^" 

^ ^ ^Uij ^yi>ill yi &>"}! . sin j cos fl jjb AjjIjJl j*J Uj . iJa^Ji 



:14-6J^ 

Jji i* sin ' M\ l/ kl* 

cos LSiftj { Jjjifl Mti ) 




I^Joi uuj Ij'jij 



J Lii* JUjj . 'i ; jjj ^_jj Jalu cos fl > uJi>j sin iUU!l J <\u^X> ejj-jJl 

t PjjJ jH_(j J I JAW ^jljJI f L*J »-AJ-> *Jlj JU jjjsll ijjliM LjljJl *_Mi* i)lj 

. 90' jl 

d>jjJl IU j4Jtl" 6 'WtijJl CJIS jjUl awiJL' <Lj.,^H ^J*jljjJI <Sj^kH lJ-JJ J 

J I ,_) J 1 jJsitil! ,i*sj* JUj ijj 'Ju&j IaAj i, l)-t4 Cu> t WtjJJ C^U Jiuj 



* = Xq COB (fit) = JCj cos (2^) = x n CUK 1^ 



2jtf 



(14-12) 
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(0t*jlljj!j3ril)jA*p1j:iJ*DI 



Llili^ ikj-*J\ i_iSjljjJI LSj*U -Uy^JI Oss^sJl J-pJJ} . Jl>l} '■j-J lUy- Ji 

s £» dy ±5 j> D L*ji iiU Jii Jl ^*JI J ; 1jL5 , &IJ iij-^ jL-Jt J| Jj^>i 

_k jiJjiJl t^,^ j^ Ijiifi l _y L | L^uw Um_u ^jii'J 4i^> i'j^lj uij- *j[i 

JiiJL LLJl IkJJI J ^H wy 1*1 . J&JI (> (y) ^}*Jl ^1*^ jJi\ 

jilt *-j ^ii*J LP J>^I I J-» ji-^l A j" <>j . Ch-* (>; ;Jr *<J &**># 
: j* ^*Jll !ii DjU. $ (14-12) JJjIaJJ lLl»j . £,jN J Ik&y ^i\ i*ifi 

2ri 



y =y fl cos i%i$) -y n cob (fl*) = j a cos l«« 



:14-7 JiA 



^ijjjl Jaj^l "i'y- j'jijI 



8 



-<<• 



- 




1 ; Hi-htS 

\ a a a h. *:r 



m. 



ym(j 

y = .?vi 




(v) 



(1) 



u jUuI $ ( *W y*!^l ^ W* ^ «ft) = -(tfinW*)*ii1 i*>j 

jl JUL- ( ojjj JLaI jIxJ+j +ccs (2ji#) fte Ijbb* -cos (2j$) *JUI c>i ^j 
, ISO* y Sjjj i_Lsi jIjaij x ju jjUl 5jjliw IUaJI 
jJ* tLij 14-2 i__utJl jj Uylj jaJ . yjjjl aj iijJl ^ i^ ljji»l ,>yJil 
l^is |jj5>j X - jii: jJwJl JiL^ ji ^ iL£Jl ie^ jl.iL ijl iiLLJI olj^l 
i*^ /,! ^jj ^JIjL ji Llily . (x = % UaL; tfl ) ^*ImJi LfuL^ Jijt ftijSi U& 

t *iJU ^>«J I J*J . a j X V^ ^W 1 ^ ^^ " "ma* } v <an i>a V^^ u 
Iji L^JlJ u^b'flj'XM (90*) IjJJ AJj J^ Jj^ 1 ^j^ v u' ll ^^ 

: sin(2^)^ljJL- 



ILfi j(t) >^i ijJL) .t{$WJt J 1 ^ <» j* J ^ "C6 j *^ ft^jB if /iJ ' 
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( oLjjiij jij3flK[ ) jiit wijJi j*yi 



»- -y B1111 flin (2^) (14 14) 



:14 2 JLX* 

. O-*) 11 ij-* *J^ iij-Jlj jwjll lJj^ ^0 . 14-1 Jiiii J! j^i v **y) 

. / - 1 .00 JS UtaJll Jit iMSl 4i*Jij If-j^j jujjj ij«i>I 

* i 1 J x tSjoJu <(\& Lpjjju .jlUi oLLJl j i, : JVy 
t = jis i - +i u ^ m Ik£U ikwJl Lij[jjj| iijjJJ ItUJ; oijj^cJI - <U^II 

jc = .ij cos (yjqft) 
t> = -2/!fx sin t2fl#) 
a = l^jfg cos {$} 

. 14-1 ^jjH Jtillj 14-1 JL1II j* gUjba U 

f ( = 1,00 £t f U! l^*j w#J| Jfc iii jLmJ ^j JLS : J!j* 

OjlrtJl uLu Uljjfy Jjjjj 2tfif ii*iJI jl j^ii j|I ^4 LLfJl iti^l ; 4jLsfVI 

, oL^jjjL ii^iij 

J = 1,00 a ^jfj . fa 0.M7 Hz j 14— 1 ^^1 iJtXLI <> *U <U3lJJIj >Ji 
2j# = 2^r(0.5S7 h" 1 K1.00.bU « 3.50 rad 



win (3.50rad) = -0.35l 



COS (3.50 radj = -0,936 



: j^ J**: ( = 1,00 s *jy jjl ( x = 0,40 in lUI J *iu>j 
a = (0.4Qm.)( 0.936) = -0.37 m 



D = -2*0.557 M0.40 mX-0j351) = +0.49 m/s 






a = -4tf (0.557 Hz) 2 (0.40 mK-0.936) = +4.6 m/s* 

jj L^ilxc »L*Ji jij ( -jc o-i 5JU j o*^ JJ Jj>jj 4iJuJ< jlj t 14-4 
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(ol^ljjIjU^^^lj^Jl 



: 14-3 JO* 

, * = (1J10 m) cos (2.09 1) iftWJ IaJ ik^ Laly 3i'j> 250 g Ujlji, UsS J jj; 
? ^JJI fi^J sjiJl ^jjD ^ L. (u) I tfpjj sia jj^j Lw ^ L* ( I ) 

, f iy* j,j»: j« ^ jyil +ljf fl gijH jj mIp itfl j^ ^jj| ^ ^i (j) 



U£»j i s = x () cob (fyjjl) i y^l IjiiljlJI I£j*iJ U-ll JJLwj! ^ ; LL>^I 
ji ^ UJi Jj£ . f Ui ^ tlb J VJJ ^H jjl*J| ifii ^ jt„ IhJI jl JjSfl 

. 2^^2,09 ji^LjwJI 
i' 6 mJ I cub ijjjaj |jSj^ iJyi : Jljuj 

, J Kfrti^ji k LjjLi> jjiij ,ji ji 

! « »j* Jyl ijf Jj * J^; Li* * ijLxJi ji« U : Jlj-- 

tilj^JI £, l^Jtf Ci^ ^1 I j^, _^J jj^ IMJ| Jj| ^ ^i ^ ; ^Vl 

JJiJ / (>,jU L*ij j_^i! jLajJ j_» VJ JU1 J J[i . EOS (2i$) l*i J Lj^JI 

, x - -x n yJUll 

3WUl tji: ji>i ^ jJUtl Jj LuJL (14-12) UiUll >J : ty*^1 



; xtfj.iq 



0.500 - cos ia.09f] 



J 1 



1 



t* u =s cos (2.C3f) 



cqs i (0,500) b imt (radians) 











; jl -juw <5yJI 4JjUu ,> ( 1 ) 






2^=2,09/e 


ii 


x = 1,3 m 
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(*l*jll J j!j3»^)> C i1j])>ill 







. T = \!f~ 3.00 M>q t f * 0.333 Hz $ j*i S^ty UjUl ^ 

A«(0.250kgK4.S7Ifca) = l,0&NAii 

; ^* cos-i (0.G00) = 2.09i rad iftUi j&aj * ^jjj hJ A*] (*>} 
cos' 1 (0,500) log 



f D 



: 0,500 B 



2.09 Hz 2,09 Hz 

£?l ^j-jli llfij ■. t - j^ cos (2j#) * coe = 1 $ *$ U**j jj jji ai ii^*jj 

JC - £_ijll Jj J^aj" Jjw iliSJl J ^Ui y^j . +^5 JA iljtSJJ g|Si%l! *ijl1 

J^ i p.Ij^ ^L * Ou> l T/4 s 3,00 e/4 = 0.750 s j! j l^i ^j uu 



JiwjJl JjJJuJI 14-6 



, iki_u Liilyr Hj> d^L JjjJJl ji 



rt4-sj&£ 

(f = «/L ol M « n*# sin Q*mg& 
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(*tj.yijjij^i)jitf£i;)ij^i 



T j-Ul : Li* m iUiSJ! Ja &$» i«jji illi* jl 4*5 Jj* ' 14-8 JiiJb 
(Jj j-S^j mg ojj)lj t ^'J L*^ 1 U* °M ^ Kt*J" i* 1 ^ 1 j 1 * & M 

4 } U >j-U J^ dfj& ^ji jl* tfpJl jl* m asfll jf* < r-mg«»0) 
^_U Cil j jSja m# sin fl jjLSj mg $$ M*ll K£jU Ul . I JjJiJl Jjfc 
; ^Ltf Lu£u 4icj , Cilpll *ti3 il*J ijilJJi yrfji UEJ 
FrMK)rin|--frt£&ill0 

i J.J..A. aj i y^sH li* ) . ijjUil uLu UjijH* "»>u *¥*■ ' 9in * " e lj' 
^ Ju/; -mj , ( 0.174 rad ^H 10° ^ lij ^ f&J u * J! 
ijj J^U lJj- fJ ^j . & = s/L = ^/L oltf lil LiS* ^ ^1 J-i 



-|^l: 



(14-15) 









; Jj^Jl ^IJjl&I JJjj Jt ijiU* Jj-4>JI 6^ ^*J 



f-± i-ii 



(14-16) 



Jj_kJ! fJ J*i JjjJJ JjjJl J.jll Vp (J* 1 * ^ <**^ ^J ' g ^ '^ 
: g V U>J (14-16) UjUll ^ ^yall fi / JJ/II U-*J *^^-' f 

; JU]15 Jj4«Jl Wj> *JjUi ^b5 uS+il L>»j 



fl=e ll co9(2^)-e CTsU|i 






IIS- 



( *l*jl'j jb^ 1 ) ji« ^ J^JI 




i h sJ-iil » JJ-i-Jl fjaJl J* 

j_iU| i ji ijljj. Jj j j£ ijiaJl ill 



:I4-4J^ 
UU ^J uJIUI ^h ^*4ij 9*JI J^ J yijjifj , I 14-9 JUJL ^ jj 

j^ Uti lj_* Jy |0 ( v 14-9 J_ii ) jh ijj.id JJL* ji^i jj ^jjiJLII A) 
JJtf ^tf-J . ( U^ S#jjj|il I ^ ) , SHM J jjj jjj J*| jj v LiL 

. i_J(I)l ik-ljj —I3JLI »W yjj jjLj i^Jl ell : Ll>Vl 

tfl i ^IjJi ^U$ lUl gjj JjLj jjj ; ^i Jj jfy $jjl| D lj ; U>;il 

y Ljjjj iiU ij«ij ±v ly- ^ jj* lJUJi J& Jjll »y]i JLs tjjj U : Jlkj 

i_i_i jt jiil oliJl Ou^iJl ir * ;1j) jjl t ouLj jIjjlj ,;jj 1 yul ^ i^l ^1 du»i 

iiLn lJUII Jj lil dji oLul Ji IjjG ^ ^i tji^y , 3U, ...l i tiijj^iJi y^pJi 

V <SjjJi jjji (>ui IJLij : Jljj 
; M 4i£llj Jfe ifili ^\i Im^u jjjjJl jUjJ ^ : LL?Vl 
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(c^jiijji^yijjifpijJijrfU 






3JUJI oil J.* ^| , Ui$j 'j*' 1 to v"^ 1 *$ ^ b )■ : ^*?' 




j_5Jl> , f OJjiJl 



M=p l[fi Ah 



JlUijijji ^>*M ' [ 



/_ 2jWp H0 AA 2*VA 







{ taijl ) JJJUHj <*j-dt jijStfl 14-7 



(JlLiJ 



j^'M 



^l'llAJ 1 Jlj. '. _ •'■ " 



,!i_L 



j- rt jjjjj j^ ^j ll-i i±&; j! JjjJuJi jiji*! U-- Jjb ^jJ l**iij 

( I ) ^1 J-Uij , 14-10 JUJU l*^+ iJ^WI dj*j . cjjjJI jJl^ j^b 
ijy.il:, jfcUOJW! j »Vj i ito** > JL> ftbi jijfclf IJI1II 3JWI 

<_lL .LUI 111 JJI JLi ii^pj ( JISi*^ tfj? jj*>J c*# ^j« jlj&tfl 
Is^u JtUaj )!jto1.l lu $1 Ui*il oi* J l**yjj i ( J**« ji ) Ji^ pUU 

a-to flJiill JjW Uj> lU j&J|_, ^ li^i ( j^ii -^ tJl^l *J,y j] "dLu, j^ J^ Jj ,> "Sjj 
ii^ ul 6^j i i'LAll Jflj tlL, iU* SJ * JJU yj .Wl J^x, . ^ 14-10 
^J JiL ^ S^ jl+il H0\ J> ji 4^1 <ltf I ^^ li| '», Ji|ll li* 
^ r j] LjJ r3 j^ L&JI J^ ^1 yU)l oi* Ji, ^j . \'i* IJU ht$ 
JS ^.jjj «j^ JLSi>Vi ^jJ ^3tf lijj . I3^i jljjrtl tf^ cJj utl^ 1 

ii^ j^^ .iyi o!j ^;M o 1 m $ft e*> Jl f^ 1 J >^ ^ ji£Jlj 



:14-10l 
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( «ttjlij j*jai* ) A gijJi ^W 1 



c 



x 







1 VJui . iDtSi*1l j ji ±J> Jill I JL J b-jiiil uLUl ^1^ JiJLAt 4JLklU 
£*jj ^ i>^>^l ajj ;> Oi'i <l;li lu^ T^jUl J Jilili l>jftjF jjI-J j£! 

, oLkJU ^Usull JyjjJ j^J 
Lj_J Ajjl lij 0-j>j^l /Ji' ^L> ii^K o%l>u* *it i JLi 0' (^ &**J 

5j-i>jl i^LJl ^4 tiij 1 jJ -JJJl ab^j^f ^3 yjlj LySj* &L*J' ji 'UjJfjfl 
jLj-jI LfJ jfut _j 4_>4js-jS(i iujj lil Li I . jLo JiJu UlLJL 1UJ1 j^tfj 
I^aJI j! JJi t j_*^l oLy jJ jtjLill uLijJ J ^jJL-,. jj Jj j|i Lu5_j> 
lilLU j-^jj; dj'jJi J] tfj^ L-* fil-dl .>LJ1 ^J* )lii Jix, J^ 3*^1 




LjjIjiJ 3^J <L*J^ Lub jijJLjsVl _j .LUlH it' --j sj^JQl LJu'iii 3JL> J 
Jj UlDli .LUI jLJ ^ )sL>JI J*Ul "JLo j^j , f *IW1 jljJiS jmaU 

! 14-11 J&S ll r 

f JJjLJ ^ iSlJS ji jjkll jl>Vl 4*« lH ^^ JJI SjJJl SJJ ^*U j^jJLj d)jJj « tUuJl 45j> *j LLkJ ^1 y tuij 

j «j « j^j f uai uj: jj*s ijaiii OlWL »UiiJI jIjuI ^ ijiWI ijill iJUi jl ILL LjSJ LS ; k>~i . iUJI 



~5ia- 



(^Ujlljj^l)^^/^" 



^ k^ aautf J>-ij to . f lUi ff ^j <Jl> ^ ij»i fcf JG* JW * 
, 14-10 pJJi jl i r ^ j^jJI *Sj^ ft* JAB ' ft *•*' 

ol*j*IJ M' ^WUl 14-8 



l^j L*i J^> , jah jU^r jij ji i>i#- Uy ^ iHj**Vif« 
. ^ jij „b i*jil j* v V* ^ ^ £* ^ ^ 
. 14-12 Ji^W mp&j$J* ^ *" ^'^ ( JLj! ^ ** 

i^s U# Jfc.1 J! f» JJ JUiP WW tf j* ^ [ *' ^J^ u ]j * J 

J^m LfA, L+Jttj «LUI UJI J^ i V ■ U#l »i* J51 u^l* &£» ^ 

, iaji j4 « o. s*ui aw ^ . g* s*i %► ^^ # > 



.s 



iw 



i = 



7 







?** 




40cm 



r=Oj05s 



f=o.mos J l 
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( tiUjlij jljtoH ) jif pljll jdUl 



I14-1U Jii 



■ jfyfl yJt Aj*Z itfk. U>i Jujf 
















Aijjkl ujaII ^jjUl lj^jj jJ^Jl j^L*; ijl iij^ rt^' l>* ' 14-13 J^iJL ij^ji* 
jjjjl jis J_t& lJ_^ JiJ jlj jl*l JJ lSj>!l jlj t jj«flil UaJjf Ojb jljJj>< 

_y Jl 1>L| Jfcw dJU l^uij . i^jll 4*j«J 44b jluy L> Jj . 1/ Lftjj] ifj-u 

J! dpi Jj^ Lr ^Jl J£jJI II* g]j ( tt*] jl y LjljJl *^* ^ jit 
Lfjl ri 'l J^LJI liiiJl jjj 1 jj*jl JjJm JjUaJl « }Ul» 1.' L»j,jJ Ifpu ^fjjl 

jLlLijJte , _L JuJ LjjJii jJiiul IuAj liLli l>*ll iil Jij ijLdJ r ' *-" -"n 
dJIjjl «_jj.i |^C jJjJJ L»U ^jjl i yuWJ . <L»>jtl yiwiiij ^ ^VJJJ ilj'^J.! iJiiLJI 

u- J k*^f , 14-13 J&iJl* UUI L*jll <*-* j-j> j*a j! tf! t l>jll U^ 
J> &ji liSfcj . ( iVi ^5Ui Jj»Ji j A J^ll* 14-13 JWi y *l ^j4j Jj 

4_JI ji t jjJsJl j*ju L*| ) *>jll JU ,^jjjjI>jj lsjIImj ^i ^ OLJI yi i>jll 

. iUyi jj-ui ILL> jiuai s ;J j JS* i**li L^U: _^l Is!— 11 

r 

i_.jiji; ^j* dj*js \+i\ ^ ^ P itsjJLi: jjjji ji &u iu iii>l ityj 
^1 J^ ci ji . iWi jj ls>Ji J^ L^ 1*^11 Jjt/ *ial Ji«l jij jt\ ji 

t P ^JatJlj i>!* ^y J*t jAd ijl jj^J Ij>Ij Ljjj-jj lljk jJ^dl jUji j^J •jlUl 
,>ijJl ^j-jj u^-» Li'j*Jf j-< iA*lj ILli' jjjjj _^ P lU'Jl ; t i JJ j ji ..Til iij 
JjU5 ^Lfll jJwJl IjjJ ji Jilj jjjuj , jA*lj ILLS' ljtj**l jiail )S^j jSJ >pJ\ 

ji jifJ jJJ mSJI j-jjJI Ijjk j*«s!j ; l*>ll jU* J) H«j ,ji jljifti Jjjj UUj 
.Ltlll DL* ^ L*S« . T L> JI 5 jji-j s**1) U-li Sjljlal 1* Jl jl-^ J ILZ 

. iJli Ji' j P ILtJL BjLLl 1*>jH ul ! l j±p 
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( lJU^Ij jljjfl^l ) jU u\J\ J*iJ! 



Djljjjrt ^jJi J*A> A Djji l*jl1 fc* ty> J^ jjwdl J Ji>5U« 14-1 J JliJI 

A-uT } A=^r (14-17) 

Lux. i j-^jll jj all jjjIj LliLjjJ j^jlLj jjjjJI J JJ jjLwTfl l5jJj-a" lMJ 

If// ^(Luj J»*ll J4»JI L»l 1 tji JJ&J !_S JJ1 IwjJl l>*'>^ ^Sj-H i^j-u (j^JLM 

, u^yuli SajIj 
r jl£ 1jJ_9 . oLil jjjj Us UjSil <Vw <J^V jJ>" ji* *-*^l **j-* J 3 ** 
J* 1*^11 jLlil bj-r jli L <J^L jjjJI .j* *j^ <Jbi pi cu15j jj^ll ^ j-Ul y* 

: jj£ ^s 

(14-13) 



SA^j Llu"j jJjJl jJ J_lJl jlfi ttyil 4*j-i JjLJ jl t-L^ IjU j+Jj yi^j 
jj*ll "l_ijaj fjL-jJ *;■ ill SjJJl £]_f Jji_jJl jJS iwk'W J -^' ■ J^ ^ «^' 

Icj^. ojlj JL^Ijj LLhJl iijl; !_•!£ j Ji jlj Lii'i t ij'5 !■■'■■■ LuJ j»j jit 

8j*_ji *j_c jLi L*l$' jJ^I lilS lijlj LIS ^j_>l 3_^ j_ij , 5_aJl \Sj> 

iSy* It ^ ^it jjjjl jm jpjf Wl*j 3itf yf jl i_i*j lUHj t IjuS j3llll 
3 .iiiH liw jLJ Ijj-ii j*JL JJjj Jl jjjJ) Jl jjl ;J-^I fj* jl i*>) , 1~iuJ' 

14-2 Juj*i J II* 
i*j-ti jj_li ^5J jJjll J pj^Jl juUI i*ji U . 60 cm <djtj 2.0 g <&$ jlSjft ^j, 

ji .Ssfrj T ^ (m/iKi/ 3 ) !j«Jl 'ji 14-18 iJjWl 4^155' jS^. j J&J4 J^ji-I 
Ijj jl k^Y . T = 300 N jj] l L = 0,60 m } m = 0.0020 kg j u = 300 m/s 
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( oL>$Iij jljirill ) jL» g\J\ JjiJI 



4*jll uhiL&uI 14-9 



I t 



V) 



♦ ♦ 



(-) 



tifji; liuu jjyi ii* jj$j yi >j>j i 14-13 Jiiiii iijjli jjjii JU cj-jli Jiu j£3 
H UM $ ij? Ji ij i-^- ^1 alLU iiA, U liiU* Lie u*i, , .-...^ii 

*k-J^ 4_>lkJl |j^w O-^+i If (1) '. ijLyJ ^-^ ij' i£*i toAj . j*^ tjl ifi*i 
JjjnI; dUiy . uiJ^Jt jl ii'JLJl ^kw ^ J (2) 4 cwjiJ! 4Jaaj MP J*bJl 

(jlj J^fJ Uj'— jL^ll jl JtfjJiAJ ijjj 4-^Ull ^; -;*lj , j,LlJ| JJ _p J< if O-Ul 
Ufi i g^Jl Jl J Jl it JjJj CA>lj 4^>u Lsuu jtuiiJ 3 yltJl si» -Lwfjjj 

i^i *i_J* jjj; LJLi J*l*ll Jl 3jJ! iii J-ai Uoifi , i 14-14 J&JU (>jj44 ^ 

JJ^i iLfjJj ; JjL*J1j Lfjljk^l J_i^ i_JLs jj> tlrij Lull lJIu iljjj <-^LJj 

ft) jJ Li^w £> jJjJl jtf IjIj , y 14-14 JiiL -j^ y> US i**5julf 1^1 
L_)i ^_i ^JL ( T JjH ^J LiJl ^li ^1 Jjkll jis jiJ Jlj Jji jj J^jj 
, jJ^JJ lljjVi Jj JjJI iJyt <kLoj IJia J&O J ^ *i Oik! I ^ ^&u! Jjj 

. j*JI JjkJI Jit ^^1 

«-t jl»hJl Jj j-JJ ^it L5_j>X( <^SaJj i-Ay *IJtJI Jutt ii>j La jjl jju*Jj 

6 ii - ' i A^ ' 14 IS J_£^Jl Jjaj CM-iJ! itL^ j-jjJI D^ii jb iSymli tfj±\ Lu 
/jLllji ji^l Liili . jJjJl joX jj* ^jLali |>iiL»jl ^ |jlS'_j>JLt a i^AASjkuUiM 

_ji US j£*ll g^Arf iijAtj , ij^^ll V* U*livl lJlJlji)l ^ i^ljjj ui^ir jll>yi 

Osf-^-^H lm J-S j^w>>* .j'uiLidl jL_k>J! JL,[ iy> 4 4_> 14-15 Ji*iJL ^j^j 

-J 4_iUiJl O-lj^l uAi"l 1l>JI Jjjj Liu L 0Ji>u |^j> ll Jii ^' U-iuS !jA>( 






SjL( jJJJ 3_j1»j ^-i+jj , oiJjJI j^L ^ Liliiir ^/bjjiJI lljIJ L*i^l ^iLkuJI ^i ij-S 

lit UuJlWLI J3j L i-Jtlkll Jiilb 4jjL^ oLnjj JU JjnAjJU Cua* ^JiJ*il| jl'j- jlj3J™»l; 

-i'ljiJi ^JL> ^ oIaJI u4> ^ u >j ( lull OjU L(J*j JiUl J^LL« ^iyji oLs^i 

. j>Sl us-jil JtSi^l tJU ^i Lu k-f 
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( oUjJilj jljjtfl ) j& glj\ J«JI 






. yLlSJl IJA ji LfU JjU& jj]l oLj-jH A***- JjS Ij^ll lift j^j 

0_l>Jj 4-^> L>t* ^^^AjJ LiJUf kl>l?^ Lt JjjJ IjjJI Ijj j^iw UuiS^ j^l 

J-si Li!* , 14-16 J£UL -yjjj iJjjll 'jjij . w.-ldJl ij jLJf JJJ .^Ajj jjj -Lt 

( ' ) *y%$\-i juj j-A Lii wJtwj jjJUju Lf)[J iwuuJI 4JaJU J| iJajLJl <UJu*J' 

jjj i \^&u l5j> j|« <UL Lft I j> I jllutfljil ^ll^M JiiJl i> (y) *j^Jl Jlyj 
JJu; jjJl 5_L>JUI j_» (_*) «^L ^11 JiAJI jj^j ijji>jll A»^y ^jii til Jf 

UiL J_i> jjjjl !L>ljj jl Ja>V , (lj) '3>JI j> Llullj iLsLJl jA-jII jju?>» 
jl k*lL J!j jj 4JL^fLjj , LiU IjLo y }£ 6l v^ U-J'j ■ !/^ lij^ o*ijuJI 

. tkjJJI jjtr i [^ y>I liij iit JJ£ Liu I I J_o JlLj i>|j^l 
J-ilJl WJ L.ui J_J Lul jJijiii . fj-ijll J ■■}> f&l Jj LJJL*j JJ ^t£ \'±fj 

ijsli* Jl |jl ;> *iJ\ "01 jaJ jj-f iifii LlLj (jj . jj»l *k*J Ll .ui kj 14-16 
JJu-i -'^ g i*-f gli l jjj^Ji vj J' . J ,">jiii>j i^> j "! ji di^>J j -^■'■M. jJjLJI 

E 

UaiLJI |>h-» Jl jt jJD v^i_»J <JSjf* r-lui jj^l lii Luilj fiij , Jill I Ijji ji iV 
jjjaJI ijjj Llj) LJUi ijlyjt (Lwl r*&U jjj LjjUa Lll *x.u 4ili <_iiilllj 
Lf »— J " Um * Ji-Jb 1JMJ?J ilj^i: ^ ^1 iVLiill ^j . ( j ) t jiJL s>i*-ijll 

iJ JUjw ji ) Jy_i J>lj Gbjj CLii j^yi 4J _}ifj Jill jljSftll |> fyi\ lj* JjiiJj 

. JJi j*j J^iiJl 
J^Ji jjj^i ^ y L^J jjj j^ jmII ^i JjSJl LU£^ ( j ) tjjjjl ^ ^ jk*JJl g*}Ll Jj l!jfc til ^lj 

L_ii^l J JiiV . J$ iyill Aj4jH i>h ^LJI (^LJ E JilLij . j-*^ JjUl J^»> lijLj ^jtiL* ,jiwjJl l+Juu y£ 
. yjlUll AayJl Jj *4t4Jb j ijlal itl+JI 4AjA>JI j5JJu jl jjj L4JJ? . Liyl -A ^_jU j^^ && 

. -k ^jLj tjJCLJi i^jli Jt ijjJIau ijAikj jl (^HflLZfl j^-^ Cw **^' 
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( al>jllj jljJiVt ) J* jjIjJI JjiJ! 




(l) 








:14-15 i&i 

jLUl mjj ^ijiTll JaaJl . u!A Jill Up 

- ijjjl *£* jj*^ jJ *£p- f lj^aJl.j 

J-£u ^J.jJi Jil—i -iilji It Jj ( i j 



liii-1 I 1 ii^J 



"iriihbJ' A?- LfcJ 1 




:14-1C Jtt 

( j— h jA jl i iLil — Jl i»jJi ^ 
JUijJi j j ii Uifc jif*!i jjjiS 

J Wb i l l g— ^ii jJl 4_Lam < T i^u*ij 

.(jJ^yiUSjJjl] 
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( aUjIlj jljaVl ) jifi ^iyi >iJI 



■_'._a.- 



jJj Jt 8jSUI iCiL^jII : ^jll o^l 14-10 



4 



' [ \ ^j**"* j*J>)l JJjiU I^jUj JjJU! JJjJ yj-fij Uji* Ou* ySb *UsJJ! Jj*jj OjO 

i #jll S/Lt .aLfll JU^Ii 3»j*ji Jo JH* 14—7 ^ill ji Imj£*#I *j ■ iJWI 
jljjjVl jjjJ fi_i ajiL*J! (jU-'l JJjJ ijL^ Arf <j^u aii jjiU iiUaJl jiu*i ,_-' 




:_ ," * T*£yj> yt U5 j jIjj^I j'j**l *Jt* j* ^JjJ ^^ (-**>* J^^J - fU*JW >"J' 



Ijl^ul u^ jjyi oLi ll* jiuiii jj^ ^jjl fr Li jjjt . 14-17 JiAll 

jljL*^l JJ_p 3jLyj . i 14-17 J&Jl; 1*5 t 45^»Jl *JO* jjuu iu*J ll* Uj*j 



M 



•— olj j±i jjLiJ 'j-iS jfJa^j Ia_Jj Ijljjjjl jjjJI y+i f\ ^L/Jl ^jJl Jjj^i Ij* 
Ijjb Uul Jji^il' JjIlLiII ol>ill 3 JtUaJ —ill j'Ju IjAj i i^p^ll jjJ*Jl jjj jJUll 

/= 3/j t =3 ^|) *0>TlL jx-^U> jj->l ^1 objjJ aj LojI uji >jJI jl 4^1 jiyj 

jjjill jL: i.i*3 jjjJI (j^j <U> yl Si u^iiLj , Jlitl ,> ( J ) i (-*) i (v) 
, 11% .... 4ft i 8/, i 2^ bjji ^ki oIjjj3 ji*j ( f, ^lVi 

f = 4f[ I=4(J,£1 J-^ 1 J! jtuJ' ** . d**V twi* ^JJw ,jjJl -tjji)' J^a*ii tlfw *ifjL JLaj 

&i xiLJI <uLa!I >*; Ai> . Ui*-iJ Jtbi ^ jjj jjjJi jl Ja^^b Uiiw 14-17 
. jjiii ^j ^; jLi -ulij . LJtj ^4u i^GJI ^jJjLJI j|Ij . CwjjLjuj j^ jl jjjjjl*aa aitSifi 

J,Jl jl tii_L>l . Ij_lil . , . gj lllllll jl bJ — *v|j 4jjj «JjL t$jLu tjji* JJJ JJ^I 



ll 



jl 2(*S) jl M jJjJI J>Ji j>Ju LiJ^ ojjjl i;j> ^ J i oS» ^ A iJliJI 
^>i^ ijjjlj (> 3ju!m cuiil j3«l< .jl lij*# JjiJl UJii^ dDijj i J)i*j . , . 3(A/2) 

ji J»JI Jfci y_lj . j->j!1 JjUl JLail ;> l>4>-e liif <!jk jli IJj ijjj |j< 

Ltf c^ t jjj , 4(A/2) j 3(^2) j 2(A^) ; A^ j^ j _ v 14-17 Jiiil 
! SjiijJl JLt 4jjJ? jj cwo* Jj y!> ,-* j^Jyl ij^ 

ZisnJ (14-19) 



^-i It }]±1 JJ_f J _y J( jjj LiiLt ->}il JjlaJl jp A n , rt = 1, 2, 3,. . . , 

j! Ui^ 1 (14 17) UjU*1J Uy j^b k-^jj ^yi JjkJI j d^j , ^LiJi 
JlLi i ij* Lsli cMii. ^ is|i iiJ*j ^ji" (>< lijill jijJI L«Jj ji Sj-iUt (ijj 

(jL* LjJ Lf_J oIjj j_!l tii jl jju/ t Viuij jjjU 4^4>jJl o'jJiy)l jl JuJi: 
oljjjjjl h| j[ «-i(j)l jj) , BjjJwnJI obJjJl jk C-ljii Ujiu Jjiij JJi>u 
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V. 



(oL^iijjijstfi)^^! j^ 



l>S SjjLJl *JA£*j]I &ly>% 3jU 0J_)iill jbj^i +ji^Jl obj JJI JsjJ Jj 

obs.^1 Jj,J i»g££-dl LiU)ll cjljjill u^v U^ $SUH >J* o|i ( JU! 
Jj— 3 L*^ ; Jj'il l^lj^L (JU>i ir _-/ , 1 ^0 jjjiJb , JjiL-il 
ft fjj Ljjfjjllj OuljJIj UOj ^tfji oUJI^lIU^ t jf, i /, a ft objjUl 
JJ ^-jo* j-y^t jljjujl j; jiJj L$ljj!| -JLfiu <# |j£ftj . ^^1 ^k 

*[J LjjjJ iij* Jl &j*JI 5jA*1^jJ) 4ij*J! -1L»* jfdf Uuj i J*1j My 

, *L*i »_ja* ji ljo* Ulj^ L^jLisj jii^ i>\j jjjj 






: 14-5 Jl** 



. j/jl !i#3lj}j iiUiijiJl j^ jSjU ^i ^ji v jijji lii Uj^ 

: aU i a JV.t~...l 
I J* jl^j i ^jll JjLJI JUi ,>. ikjXj IjJt jjj)l JjJ; £jSj| J v i* d : 4j|^ Vl 



3 3£ 



-ft 



V oojjjJI oIjjjjI^ ^ijJI i^ll JljL^I jji iiiU ji Lj : JIL 
^Jj o = /l ^ ^L^li JJJ Lw-jll JljbS'lj dUt$ o* <ftl*Ji : *fl*?t 

f J.^ oittJl L^jJl oL>>ll J& j^V liL. : Jlj^ 
SjHrtli oL»^jj 4j™JIj , jjiiJI ivjjjj j>T«lkfli. LiujJI <>jtl : 4jL>^I 

ft 

: JU15 JjVl iillll L»jH JljfcVl pi a>J Jlill oljU ^lii^L i kiiu*)ij>J< 
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(olfrjlljjIjSrtl)^^!,^ 



A,= ^t -4.0 m 



; JUK ijfcUl oUjjJJi &j% 



1 12 m 
' J 6.0 m 
'* 4.0 m 



. 44m/s lifUy 



iJ^JIj S^jjuUI oL>jil 14-11 



^J* Lial jJ^ l#J* jAi: ySfl ^jyi 6" US , ^ ^ ^l J£JI iijj 
c*L*jJU JU, tf ^ L'p/M jJ* oL*jIlj ■ lS>^ ijs#ll **tii" &■ J^ 

jjyi Jj*1j ^Ji ji jLJ (> jjj J# If-jlj _j-isi> w * Si»* , l*jU jL^ ( 

^i iiiil*i . ^ j! ^j^JJ' sjiL*4J oltyll |>« j* I fji jl* l) il J^ Jtjw 

u* iUi ^jjii m iii $ij . $rii yi> y» J>jJ' i u-ia j&ji ^ 

J| J^jil LLLtfll y*!^ dJiy i L^tUtfH iiUJl lt^ cuill J>J< j] 

Jt i I^LiLiil i^-jll sL* Ji* j^fj . Jj*l)Jl J^ 4*>il ji^u' oLn 1 (j* 
, iUjidl i>jtU LfjJI jLiul dUOI y k-j)l ckw> LfJ li^JJ 
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( CjL*j1Ij ]l p&t\ ) _^ juljjl JjiJI 



=14^18 £i 

fj Jj^J jl JA J>JJ U>t ^ 
. ^jJlJI lJ >LJl lit- f jjfaJS 




TtMiTilililirtMAilifiMi 



ta) 




w 



i|mMi»Miffl~"ffi»fi 






: 14-19 J&i 

u-St Lj*li ujiiiilj aitLii 

J— i*i jr, LjjJ J 14-1Q jJJS 




ji ^j.yij.u, | K c £" c . £ L t - ( ,,. r r f 

... ■;■-,■■ ' ' .-. '■,' W—--'- ■ ; i i in t r 



X v l \\r 



F. C F. C E C E C B C £ C E 




• kJU jlj— 'AjS*> J u/JJ i>JI i_9j£uI J^ljvu f uLu UaL 4J>« Jul L> ' lAl ■■! 

jkLl* liJj'-'jJl Jjlw u^p iJh JJjJ*j i / jJjjj i-jjLjuJL s,i«i* j UsJl II* *Jjj 

. 1 14-19 JiJU ^ r taj i alSbJl 5j1w j)»U, m ^,LlJL oIz1*!i Lji 

ijjjj t tLy-*^ 4_,j*3Ijj 5_5jj- JjfjJJI i-ij-t iUiyyjj jjii jljiiji jiaj jlS Gli 

, y 14-19 JIJJLj ^iill ^^L JjJjIf ^k ijUill olil*Jl uij IJLJI Jj1*J 

LJjM L»jll ul-oj UiltJj , wjAJjJ' u*'>* ^j-^ i-i^p *Jwy i*j*«J *-7^' 
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(*l*jlljjlj3*}|l)ji*£lj]l>yi 



, UiDl oi» Jl iiU i UjI Lujhj.' 

jii l.J^i_j ij_*l l LJjUl oL* J 1 ' <Jli\ i iBl ^ Oi>lj 4^Jj*flJI iib(jll J^WJ 



Lijf3 ^li i ^jJili-- . f jj3&i u^jIwj (jjjjIjjjaJI 




jL-ijj ajj ^j ! L^JI MlJ ! ^Lh^I Jii 1 Ja&J f MIDI y U 
jfcll ^Tj -L^JIj jl;^l oljj J udtiil JU5>1I I MlJJl j&y f\ i^. 

U^![ LfJjUj k**ijfi} U h)^' 1 Jj-fr ■*■* *^ j-* W3 u*"- 1 j^ 1 

1 i 

Lt Ji; <jj_JiiJl luL^jIl ^^1 Uji*; Ji ijLJI il^il jj jilt! gl£ Ji^-JI lj_* J *^fLll 0-*j ■ MOOG 

liUiail fa Jii JUiu-iIj 4j1Aj lIi^jUu Hill! iift J> I JjU jj jjaJUj^il y> Uj , 4^ljjJl oUaHI |> LfA*^ 

4jJT pl|rfl jJ^ i*jJjJI oLii^l O^l O'^i jjJM iSjjis O^^'j O^^ji*" ^f 1 ^Lu^LU' JJIjl ^jij 
MIDI jilt Jjt'I" ■; ifeiL-^ 4_^^l oLil^ll iljrf JjjlL-I tin> ( ^rfjjl jJj#»jfll ^^ ^li*i-L IJ^J^ 
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( ^i] 4 jljsril )>**/!>» 



dM MIDI ^ , \ ^| T)U ^ ^1 ^1 P y^| j^| j^ji £, ^ ^ ms ^ M1DI 

SLSb* ^ J^ ^UJ^i uijy ^Ls dJUj , UUiJi 1^1 o^S'l SUUmj *j*H jjjsf tt^ jli, J* .4*1^ 

, ^LaJI MIDI f ILu J^ U y j t <jLl iijL IjJ^jjJ VJ LI jISlI JJ jjfe 
4-ki$ L^AJI **$% ^UJi MIDI fU* jjl^uj 

jiu_ i^^iji u^yi ^j ajjfj «j^ ijjiin oLiyi 

jjjj 4jl US i L>UI i^UjJI^ iftf J IjSjil _ MIDI 

, MIDI Sj4_s.^ MIDI olj-ii JL—jlj JUx^I Lpiii 
•** u ! V*d ^ 6=^ J^; Ul — iji Uiji MIDI «jk^j 

til 1\ s MIDI JUi t« ^J j?^»j(Sl I)**) jJSim J «j 
^ MIDI jL^. J^l Jt^JJt JJL J^*j J^Ji ^ 



J I 



«.-. 



II 



jln* 



( jit 1 ■ 'l tfil^j 



MIDI Cllii 



j;^*tj iIaU,,' 



jj>|j « tij „ »Ij*LjL 



J^)* j-l^j j^ MIDI jL^j y^ fa ^ t j£UL ^tjiiJ, MIDI jjj^^I ^ r r Lk j^iL 
dj^l y^ Ji> <Li>J ij»j ^ , |^«j l^jii cifili #i ^j 3^ f ;y| |^ ^^ _ ^ ^ 

r^ J P* j^^ % ■ MjJfl f*^% p^^lj ^^L ijL;^ ijyA> ^ ^ lib ^ ^ iljjj ^jj 
uj^Uail ^i o^^JJ LjU-j ( Lj*|*j ^ ^ ^J| ^|5j lp$ ^ ^yo j^yj j^^j^ ^^ 



^^IjBJ^UaHditjtl 14-12 



jjjj ^ S^uii asji idM*j ijii , ^b o^jO j jiA\ *+Lji ji\ c-uyi 

, ^| ^jji., b liaj, ( j^jj\ oj*ji J^ Jj^JjJI ^IjJ JJliuj jidil 



Musical Snsirumenl Digital Interface MIDI 



m 



( L3l>jHj jljj^l ) ^t pljll JjUI 



ujtw J>JI ll» Op « ^.H 1 * *■*■* k* ^ ^* "^ ^' ^ 6i5 
JiiJL Uijll ol^dl iiii* dJ^jjll i^ijll *ij*JI J-^j i ^ 3j ^ 

, JjjlJj)! ^J* LljUl ^ j*^Jl J^l! pv ^ ^^ Di * ^ P ■ ,4 " 20 
J jU*JI ^1 JUll Jjdb *tjfe2ll *!■ ^p i 4JJJ 0< l^*JI J^i ) 

^ r ^ jjjjjji jit ul j* b.j3j ^ l^j . < UjA-ii oi>>ii au 

i>i> VI jW>J ■ jW jl J»U*il 6j* J>Jj3l &$j& t jWH Ji tf;* 111 

^ oL4l jii b^j LJUii lyU* ilj^H Jj-b 6j^i U^ ijii-ll l*jll 

J JJi o- <*SWI ju yj* J! &* ^^ tij) f'^^k? , b = 1, 2, 3, . . , ^ 




'OTTO 



iii 



JC-J 



X '.' I ,l' 




Jt.-l 



lul 



.1- ,, i .1" ..■ 



;14-20 J" 



Xn-Jf w 



Jf ,i - X m 




w 



^-. 



in r. 
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(*l*jMjjlj3»^)> fi iljJlJ i flill 



dj*JjD 1^>J\ oljjjUi i i^tU* i5jj J Liii^ t A = vlf t jj^lj ^1 






n = 1, 2, 3, 



:14-fi 

jjjUI ^ L, j^ ( ^j^ ^ l^ Ji ) ^Jj oU ^ 300 cm d^. d>jjj y 
■ 4*$ (J* ^ j^ 1 «y j* U . 20.0 Hz jsUl 

^Jw w ls , cii>jh ^j i*^ ^ ls id i**^ p B $ nay : y^vi 

JUi LJW tijL^ J^JjJl Jjjsi $1 ^ £a *30 ji il^jjl $jtf ] S^Jf| 

; $ . ia 3U/2.) ii^J! p, ^l JjtJi v w $5* r <UiLU% JjJ! 
"> - ir - — ; — = Aw cm = l. 00 m 

; yi ^*J /= 20.0 Hz b 20.0 B"i *j^ < «J*j 
V = M = (20.0 ai)(2.00n0 = 40,0 m/a 

JU> 6>I^ $ O^L/^yi |Jju c.Li iLlj ^j . l^tiii-j JjI J| 3-3UH 

JjWl JLfljt JJ_C wU ,jjtJAl*j i^p! Jjjj . iiJliJi Js\y]\ iiJb^, cljifc) 

. oj> ^ iJL> J£J LIjU* 
* aLs jj^ii ji /jSJj jjjjJl ol/ iy <j>-jj| ji^J L^i£ 1^1 Lijjl j |j ; ^jju 

, 24.0 m/s : lk?l\ 
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( oLtjllj ^H ) ji* g\J\ >il) 



jJbull JU1 



: ^k Ijjfi ^ (,1 l_j^ JjiJI Ij* cj^l jij. yll 
i iL_ Jl LiiljlN li'jiJI ( J ) i ^jjj-jJI c^ij {-}■) i JJJ+J' (v) : j'j**"^ JJj^J SjJJj ***■(') rj-* J 1 \-hf&» 1 
i ^Jj-jll JjJsJl (Jt) S Usw^Jl i>»jll ( ♦ ) i j*jJ! ( j ) . ( .X**Jl ji ) U*U1I ( j ) t ij^JI ftj*II (J) 
( ,j ) i SjSHJll L*jll ( # ) ( ^JiJlj aJi*Jl ( J ) i I+jll JJ/j Sjjji Lu ( J ) t i^jll f% l?jll US ( (J ) 
. LiJI Jl ( g* J t LljlJl L^Ii ( j ) l i^ydJI 4*jll { it ) c A j utill Jjb ^jj ii^*H ( j" ) > j^y 0^ 
j-fljl' jjj . PjL** J# iJyJ ^1 j-i tL_^ ^'y ^j* 4?*^ yi^iM isj-i jl*^ 3iUJ( iljLlsl .LiU- 2 

«_ijll j-Si , fjl— u _i Umj i^l iJwf <L,[_^ i^ly 'iSj> 3j^, ^'&* 5JLfcji jL^TI ^UJi j^ ^li ^L>U_ 3 
JJj jLw>l ■Ujjt *JllU Uj i II >i *!«-« *jisly 4$j* .j* ^u iSj> cu!5 ^J *** jw^ [£*d J^ g/i - 4 

. iL*d1 Iwi^l *$pJJ li-j jLk-ij 5jilj jk tfpJl LwLo iJji r yi . 5 

. U\$\ ciLHmII *>' lj| dj»Vl M ■ M J <W f 1 ^ ( ' ) j'j^ tf**^ 1 W J^ jb ^M 
L#J <u.i>iJ.I ol*dJI jrj^j <j«*Jl ^SjaJ 1 SJjIjh Jjii5 , Lkjj,* 4i'^» 3kuJl LiiiyJl iij*Jl ^j-J iJU **$_ 7 

(-jjJjIIj ikj**j LitJlu iS\> <i'v*JI ai* jV IjU *■ Hj L ; -; 11 JjiJuJl *ib- J JjUlwVl 0j3 Liaj jj' ^ r^y - 6 

I V L>J DjLJll l>jjj j^-^l JiuUI •rijJkUl . 4jijt j* Cult J^j iiL> ji S/l-il 4*JI Jllil |> J-w p*j - 9 

. u j' f JJ J [ J _Jr>jJ' J>t ^jl*4J / jl 

LkAMf 



: ^UjjiJi ouljjJtj iiliJI alj>jJI 

1 hertz [Hz) = 1 cycle/second = 1 r 1 

; LwLwi ^jLwj oLujaj 

(T) SjjjJI 
T = 1// : jJjjJI w^lit ijjU ijjjJlj . sj>lj JitlS sjjj Jti y jM 1 f^ 1 ®f**i ^ fr'fl i/ T hi^ 

. 4i1yl *_B|j ^ »LiaJjJ b-'jj jVi3l j* **JI 
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( oL^jIIj jljjaVl ) ji* wljfl JjiJl 



(HHM) iUI LiJIjUl tfpJi 
. F = -k : i)\p\ 

: p SIM J j\ji*1\ uy 

' = 2rTVm 

. ji*il |L-*I1 <Jtf m i tfjil ^ J! f UsJi bfe] Ji J^ jffll iyUI **« * ^* 
iutj*Jl 4ij>JI ; -ikiujjJI LiJIjill 4ij>JJ "Uib^Jl Sjjdl 
: UjIaJ ILL i>jJI ^ SUM JjajJI |M**Jl *j^ aw 
3C a i () ™ {(&}= i Q cos (2#) = jc cos | ^ 

L~.lL ) jjjj-J T t ( rad/s olj>jl^ l*IL ) tyjll ltjJ\ w t { Ha y^fJL Cli* ) jjjJl f t i*Jl ^* *„ i±y> 

: U» jjjJI ji *Jb- ILfjJIj 1*jJI -JjU* , ( s vilJJL) 

J ftLBJl J-^v Sjjtl ,> t}» ji J UL9jm5 ^ i iSj*Jl jjL mi = 2^ = 2?rf/T L^fll | y*v t iiV) iJa»J SjI juc _ 2 

. 2*rad > l^\ i#il\ ijSo . Ljuji ^ Lyl ^ ^.Ifc-JJlJ; 

: iioWL Utjjjj jJwy SHM iW Jj-muJ' Jj^ Sj^Lj *^jUJi Lylj ty£ Uji 



ii* 



tf& cw **UI j* A ^-jll JjiJl . 3j>jJ1 ^W( k-jJl ^ L* r 1**) L+j jaa ^1 w^Jl ^ b itfjll UjJi 

, jjLII jjJ l^J ist-jJI ^ 
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( ItjIjaJI bu*M jiliJl i^ ) J* ff '/ J*^ 1 



j^jll JjUl JbJL a*JJ>^ 6^' (jbUj , i^ll jJ-»* JJ/j Wjjll ftpty i kjl ^i^ *4*jll **jJl 0**^ _ 1 



jd< 



(18-14} 



TJ J^kJi »^ iJifll 

oL*jl! .jjI£*jI 

k-jM jsJI JJaJl Ju* **jll l^ , ^1 1*^1) L_JL UL L>J JjWI k»jlJ ouUJl JijJsJl ** 1*^1 l^ 

, ( Triad J (j»j <j-"j jIm*^ 1*;_j^ jj*j^ i)' J*; "^ IbiUl i^-jJi JjLu t*5wil i*jll - 1 

lj5)jIJI \ix> 
*UI$ ^L^l fjj^*Jl JjUj U^Ji l*>tjj jU cjyi ,yJG ^ jifl J ^n jjib o*; U*J c«j_> Ijj 

: j* Jl J^i jLJi 6* U*** IJJ£ JX i5>Lj Lie ( IhJjII ) tjtiJl ^^1 -iu*j taj? Qi Cijtll jJjll *Jb. j 

L = ft 4 
2 

; 4&*JU ipjijll oljjjil l ^LJ t kj^i y*lJ ji objjiJI \t*»J SO^Ij L^-jll i£jJ\ <)l iu>- 1 

, fyll jUO^ M ^ ^ »l*3l ^1-jJI U^i d^ jlll oltjll Jfi j* Uf&J oL>jil 
. i^l jL^I ob^l ^Jktfllrf ilj^i jiJi isjU-jII Jl j* y^ 1 *l*jil 



. y^Vl J»JI (^ J^ ^ ^^ 

*j Uply (v) t U^Jij Jj^jil r Uu jJ UaSJi Li>* i*j- ( i ) ^ J^ j*a Jl« L>jlwO l^W Li— j (wjl . 2 

. yrtl jyjl y-*i Jt %» j-ijll 

- Eisa - 






( ^tj*]! ^UjD jft\ tjM ) ^ g\j\ j^ji 



jj dj#J1 iloS.1 o^ U^£ ^ I ) &ft£| j^*] o^Jj 13) ^| l^^j UjjjJj JjjJjJI J>J ^jljjrfji tf^i 



? uu aij ^ 6f tf*;j* . j*j,jjy ui» ^ j^r i* ^ 



OnJ 



IjU ? U*JI JLi jj ^>Ji fcljil ^ Ji » IjU , Jyi>jJl Sjjj .L 1 ! i*x IJLJ i*$%s/lf ^1 3JU ji#3 . 7 

! ^1 JjJl Jj ^iill ,it JJU 4JUI ^ J-L &J W 

jJ f UJ JS iJjL ^ J^5 S; J^ Jjjs, ( ^ } , v ^ij <USj iljJj r lt ( V ) , V jS! ihSj J uij f LL ( i ) 

¥ Dtfj^l Jj> j_jJ (Lai iJyU 

oL^JI yUatUll yLJu^yi ^iJ-iJ! Jjjjj . 9 



20 m/a 




2(1 m's 



_ 



10 12 




20 m/s L»iJ k 



dJJ jjJ . 0,40 a ^ji jj^ jjjf Jli ^jJL ^ 

14-1 ij£4 

r ^ , 0.20 b J& ^ 

* ^ ^ ^P J! ^'j >J > iL N^I y* y ilSpOJ ^3BUm ol**ji JJy J itfii >. ID 



14-2 j 14-1 ^LuiJI 

J! 3Ji£Jl oii L^j . tfp\ UL* ji i^Vl ^ 4S tm jIj^ ^ l+>\ ^ ^ ^ Jj, j ^ ^ _ ] 
97.3 3 Jji ^ S^ 19 UjU yj l^liWI J^!^ J] J^ L^l^y t Jj> c£j:fi 9.6cm Ujj5 4iLi Jfc,i 

Uji JiU L^-Ui ^^ ^ J,^| ^hi , j]*, jjjj pj ^lyi ^jj| ^11 1^ ^i^ IJL* j^ -1 . 2 
i> Jf UJ U . sj^ ^ ijiJl S^JJ WjaJi Lljy <LZ> JJ J^^U 268 a tj jj |J,j JjJ^Jl li» jjAi^j , B.75 cm 

i^Jl Utb jIjJj U . u> y 0.2fi N .jii J^> jJU; ^ 42 cm jlji*. d^ ^ gk^iS^^.i 

v %M cm Jjaw JjLLaII jip dujjl . j llojjl 
^ 12.5 cm UjJ IiUj d»ul 300 N L*,jj jd3 JLl 5 » Ja nMi3 l^lyJI MH\ Ui» J^ 1 , »i 4 
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{ hjj>]\ liutLjiu jiii)i jjjuu; ) j* gyi >ji 



^ 5,0 cm jUid Jlj^l JJil <J £ = 120 N/m ii d^l 01Q frw J^ jjL ^ 250 g Laji m cd£ . 5 
. Bj-itft l*^f*f J* SJj^ 1 ^N 1 (y) i u'j^ 1 /**^ Lijjjr* J^ iliSJl *£j_i ( i ) Afrjl , |j> Jy* (jiyjl *Jjj 
^JU O.G(j K Uji ^*it 3y cuKLv . ^&>l Tl ^f rk- ^ 75 g l*jjJ iltfj jj^Jl J*^ J^j ^ ^jSt *Um $$i-$ 

. 'ajj^ ^khJ LjiUi! (l-j) . ^Ijril ju^ju L*j*ja iif- iL&l Uju ( 1 ) j*jl . 7,8 cm jiji*j djLilmI oi^J 4-yjJl 
^i 9.0 cm Uji "uL* iUJOw djjjjll o^j 1650 N/m J^fy M\ tij± J 3^ l^k $j$\ ^ $ M - 7 

V ijjiLJi ^ 22 g 1+dhS i*SJ» Lf> jikjj Hc^ jjji Ui * ^uull iil* 

14-4 j 14-3 oUjUI 

iijp^l c^Bj 40 cm iijjJ! i*-, o^Li Ijli . tfjHj J_jL J Ua^ i^'jj tfj* J 3.5 kg Ujijk iltf ykiii . 8 

. 20 cm (,*) i cm (lj) . 40 cm ( i ) L^>ljj ^j£j LjIf iMJI <1*pj b^ j*jf t ISO N/m 
Ujji 4jl-j LjjIjiAl »U}1 21 cm/s jj*sSJi LfSfj* ji j^3 itiHj JJjfjjll * L& ji 450 g UjIjL i££ ^liU . 9 
3,0 cinjjj^ fyS ^ <J^J! ^J <*r (->) ; *k® *!** j-**' M ' ^j"ft vftOV^' 4i2 CTT1 

Jjutil *«tf ■Uj-ki 3jJIjJI Jaj-*-) ie ijjJL SLj i^mSj ^iHl iJ_j£J ujaL ^j i 26 cm Uii u^w BjjIj cu^j «• 10 ■ 

&lj tt*,* JjUu <iy>y v^U j^M ^ j 1 * '^JjJ 'y* Jj^ j^ f S ^y 1 l^ J"j ■ S - 7 5 iri/s ^^ 
: U5j> LjlfJ iJ j«AJ iiP jJ^I U^vt (v) i jJill lij> JJy ( I ) J^jl . bL»J^I iUj ^i atiill ILsjh £• 

t jiat Uj- ^ (^) 

jjJsi ui-aj* iJ _jjjLiJIj jLuiJI ijjJiksJLj j-« jlJj J B100 m/n UjlA bj-M (jijSi J_j> j*H* j*3 j^ - 11 ■ 
jjL-j; i!h>j Uji^ jjjj tjlj&l j-t&i\ jUiJl jjpJl ItUi^i ji* Jj*jj <U) jjjjiI . 4,2 k 10? m 
. LLilll !~^'r^ «h ( ' ) ■**!' ■ jff*^' jL^lJ' tL^I i > LaJl j-iill iSj> Ifjrf <4_>* *» Uib LfL;^ 

ojB M U , 80,5 s y <JjL5 ftjjj ^3 w Cy^ ji*j ^IWl 0' ^J 4^3 ^ ^ 16 ° g Ujji "J^ ^ ie - 12 

. 19,5 h ijoi j>j) jJ ftjjJ 12 jljJLd Ji— ii Jjj -J*l JJ DjL— Jl jj ^LiLikL^ Lf)l Jjl^i? J>'j jlUb Ja>i . W 
; 45 kg ^M W lh£\ oJ£ til ( V ) ■ 1*150 kg Lfl& gl ^/; ijlJI &S*S ^ID J^}JI cJj ^i ( I ) 

V Ifu <jHJK1l p^ Ualt ijiiJl Jjji«*j ^jjj jJ* J^i 
jXIaj Jjij Jfi£i>l ^ yii *k- ji* 0.85 kg *M ^ jJU^ . 14 ■ 



:^f^|iw m 4 '^ " U " 2 f ^^ ^^ '^ L ^ J *' ^^ ^J ^^ ^ 



U>Jj| ±ju v_JULll jifi jjjj iil^i 4 k s = 34 N/m i k x = 44 N/m jtf 

,i+J £[t i^ UjiJI J ci^l . F ^J wjj j*U*j 4 ijJjaj UU L J^ JL JijL ^ m UjIjL iJiS ciJj . 15 ■ 

, f= (1/2 x) -lAYtLm ^ Jjj^ J4— i Jlj jk! JJ 

14-5 4-iuJI 
L>ji . i a 18 sin (3.7 f) cm iJjUlb li>J J ^j lfi>lj! J«u ^ CbU C^i J^j J> J "cJl il^ ji^. 16 ■ 
? 4^jll o?ll UJ lj ; 520 g jjU tttfi c^U lilj ( j ) 1 4£pJI sjjj (^) t a5j>JI jjjJ (v) tSj*Jl U- (I J 

- flsr> - 



( iij\j^\ IS^JJU jtili ujilil! ) ji* £ljJI ^A 



^U ( i ) *j.ji . y = 9.4 sin (6.8/) cm frUJI lU JiJ 4j ^ Jl JjPj Jjt ji iSAt 165 g btjji iltf jj+; . 17 1 

. l£j>i\ ij£j ( j } 4 tJpJl jjj3 1 iS^sJI i^ (o) ( J^jJI 
. SI *lj*jjl fO*U 1 «ff) %Ufl ytfl jl 1 ^jjl J <M C tLlI ^j &S)I £^1 ^yi J^jJl ySSI - 18 
tfjufcjj) iLjOlll jj iljj^Jl «-jjj j^ 2.95 em Uji uL* ilj^Sj JjL ^ i^i 0.88 kg U^ ittf aa3 . 19 1 
Ul jS *-ojll UjLu mJSI ( i ) s k - 40 N/m pjii*Li J^i cy(3 0' ^ $ 1 Lt£"" 6* ^jl>> f 5 * j>**U 
. i = O.fi h, 1 .0 a, 2,0 6 olWII Jrf V jJf ^ J$ iiJ j^jf (y) , iflf) ,>jjl ^ ll j£ W^JIj xft) ijjjJI ji 
U&ll JjwjJ tjSH jj})' ±?>jl (-») . L*jJj*j .M; o_>» *idS "LSjjJ! <i!ju <Luj J| iJiSJI Jju Ltiif / lij i^ji (_*) 

, 5^ Jj'lfjss-l.iiflcm^ijll Jl 

jjjj j-j_- ^jU ^1 j* ^» ji ^ v ^*sji ^ (w) 1 v ^jVi ^ ( i ) 2.(j 3 ^jjjti -o*j Jj4 J>fc t. . 20 

. Lj/12 t l*fjJ)k ^ c-Jl jjj L , j\ - 3/j jl i ji-^fl jjj; Jllii *1# U^i jj^ ^^ - 21 
kiiJl jJ j_iJI jLi UjLu yufi ^ Hi JL.L ijSJl Ojrf LiJitj, t lU J^ « L^ LjI^j IjJ^ Jjji ^ . 22 ■ 

. 6Q g UaSl i»lj}l Ljlj J ^uil , jjSl ijj JLa^ 
■JsilL jjJl -k~ jy^> x-lii 1Q00 S ojjJ j>j jj oSjLJJI ,> 499.0 ijjj Ij a 99.2 cm 4Jjt J^ *Lij _ 23 

. 4fiJlA hm> JU^ >J>Jl T^ 6y-*> ji* A^JJ l Jil* 1AM H J^L> JjiJ B00.5 J»»liiJl ^ AJ-VJ i jUiJl 

. (Uw'lll Jii JJAj jLoJjJl kJswU I jit ^ JijjJ <^j~u>\ 

. ^-S^l lit J* ^iUll aii iUs (jl 1 j^( (Lll i^u & i ^jjlj JjI* hj5j^ ^ d-i) ^jj^j iji jjLasu". 24 
^ Ijjj . 178 s jjiLj i^«if J 100 JS g! ^^ 1,0 m djli Jaj^ Jjij iljii*! ctj^t ^ij tLji JU» .iSj 

! L^jill Si* jjfc diJ)j j* Ui 1 635 N ^Sl Js. JLljj 
lt£]L All djjjjll \u J4-1-I ^ V;Jl ji 300 g Ujji ^ i^rtU , 30,5 cm y^\ *lf> J&- ^j. 25 ■ 
cuLJ jufcjl t g - 9,80 m/s 2 ul ujjv . 1.45 S JjjuJI 11a ijjj if i^jj j ij*JI jjjLj lu-u JjjL5 4J iikll 

. tji A JLJI Jjjjyi 

14-10 J| U-B ^ f Li^l 

b^J ^^1 JjUl ( I ) i*ji . 25 cm/K Ujlji, lij-u ;yjl j| yj Jj 14-3 p JiiJL b^^l ^1 dy^j. 26 



M cm - 



jf=0 




14-3 p-jlA 



I3fl ■ 



i 



( ^jlj*JI liulijaif ^ilM j^lill ) jif *jIjJ1 jrfiJI 



•J! f} ft >* J^ *-«» ^ ■ y = ft Hi " f 2 # ^liUI ^ j*jJ f jit* 3-14 ^ J&sjl ^ / *U)l Ujil ^ Lj^ - 27 

V 38 em/i l>y i Uw ^ii 
L*.J ^jll JjiJl i+J L, , 3 x 108 m /„ ^ijj, ^ j^ji ^ ( LiL^Ji iUjU ) jjjiyi *ly* J* J^_ 28 

v 145(1 Hk t^jj jjji JLjJ tk*j LjiJ L>j*^ 
i 520 nm Jlj_* j-i^l « wJJ ^jil J^Wl o^ <il» . 'Sx 10* nA UjIjI. ic^ ( I^Jl ^ yll il* r Jj*z _ 29 

V CiL-Jl oia jj ,!) Li 
. 2,2 k j« Jjyll Ji*, ki plj 1-14 ji JiJJl Ji ^1- 30 
y U^ ^ JI l-U f JiiJL ^^jlf jiiJl ^ J* j^j Ji fp& yj\ p L. . 31 
V 4fi,5 m/» k^ijl ^U LvjhmII c-Wjil w r ijfl (j** 175 cm d^L Li JjL ^ LiLJ ^pi\ TCII jIjL L, . 32 

, 0,855 g jjL; LAJt £S 5 m JS iltf 
(OjwIo .lit l^j*L-*i 5-^jj J_*l! jJiil , iS5 u tJLi J^JJl j^Jl 3Jl£i l 34 in Lflu oLlI h >u*il] ^ jj.ii* J*> _ 33 

, Jj^Jl J jill jU+ b , ^ ,> J* JI Jj-jif j> 0,37 s Sji iLj cJ^umU 
( i ) , 2,20 rii aJ^> jjjij j^ ,Jt *]si ii^U ^ (j^jis jiLn ^j* j_lI ^j£ jj 180 Hz ojjy jlft .liuJ . 34 

V obiJl ail U-i pi L (l_j) V iZjL^uU if^JI J'jlLJ 1 (A L 

Jj^ j£) ^yi ^ ipll aaII p Ui ( 1.70 g/m JjLj 34 uLlL : fA\ $}\ ^ Jjldl Si»j M oitf 111 . 35 

f 4i*j ^Ul (J *jII j*ill Ji 
? 35 j 34 o*d"L»^ jjAII jj^i ^ oij/ i&($» ^)* (J-J oij^ ^5UI j-iJI M L* - 36 ■ 

^^£l Jut «^jjl jjJU OjO JjLjj 12,5 m UjJ iJUa j>^fl ^£ Uii>i J«j ,>i+ili yif IJjii* ISL fl] Ja>jl - 37 ■ 

V JJI J jJJI ^ Li i 4.5 gta JLJJ IJjUl im\ $ iJ* iiLi , 43 Hi 
? LIU) Ml JjSi liyji ilAjjSfl j* L , 256 Hi jji ^Li jj^ <^J» ^» ^ 5^ jij ^_M 
i jijll Ij+J ,jj>i "uUJj oijj^ luji 1*jJ t-tfl . 145 Hz Sjji jj^I jtks i>li ^ ^ju jjj ^ _ 33 
? jjyj ^L^l jijijll jjjiJl *a L , 950 Hz JlsJi JtH\ ^1 ojjjJj 760 Hz u^jil cbij jj-I j3j. 40 ■ 
, j_!yj Lijlill jLi!! ( ji>j jbiw liHjj ijji l Jjtl Jf ifAu! 4;j>1 j3t ;> ; J ^' ^j^l «^ 0^' ^j^ J^ - 41 ■ 
,jjS j* Jc L>w ( vijLil *£ U& j^LJl ^LiSl mjjH j* Lj . 440 Hz j*JI jjjU ^ L^Jl jj^I yli !jl ( I ) 
? 1100 Hx ^LSl JJ^Ji «wJ i+ii^il 4JjLJl ^ £ji l^ j^l (lj) f ^y*JI Hijls (> jjjJI Jjt j*i> 
a jljl jLS Liilci . ^_ii L i>l iii- ujJjIi i*a>1jL JjL jIjjaI <Jb- ^ 3,$0 in ojJi J Jj JI Sm Jjjuj /^J - ^ 
j Li , ( ^jJjLJI il« i^Jjii L^jj Lu ) jJus i y*> ^jk ou^i* ti***j LuJj Ijljiil J^i ^ul 4.5 Hz jiUJl 

jLji^l Ljjli' l^ Sji*J i*-«J J/4y 0,65 g/rn IJ^Ji 4^12£ ^1 jjj ^JjIj i>! Jj jjfctf ^yi** ji§j J*?j . 43 1 
jjJI JJaJI J c-.'J.g lili ,. jifll i>c 1.30 m iu: sji i* jj_jJI jiij . jjijuil u>jll jLjS) 5j*tf JjWi Ija 
* o!jj-£ «ji { i ) JI jj^l ljL ^jij J* JioXjJI ijj^JI Ml ^ Ui 1 iiJuij JSS tjSyJI ^ ij*_jj 4ju jj^li 
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( ^jijjji iijiM j\ii\ jjiisn ) ^ jiyi j^ui 



B 



*-* lJ OJlJUJl 



I' .' 



14-4 ? JS4 



^ Jjj. i^jju Ul> ^L£Jl J_e*jj , f UjJjjj 21.5 cm l+jbu* U^ ^jly '6j> ^Jj ^Lf ilja^ . 44 ■ 
&\uj$\ Jj ,^5Jj , JiJ J|j ^iel Jj am, iu±A\ iiiiJi J^mS ^LilJ Lii*ill oUjJJI ji*i , jjjjl ok-. 
U^JI ^j L ( i ) . Jul Jj l£j*i\ Iajj Uji* ^L^Jt jp Oi>J jaLu 4*rj*lf uLJl ^i Ji*}L &* LJWI 
V JUiuVl I'm S±i* iilu JJjJ Jil p U (y) ? ^ JLiJIt J ^jjaII 4JKJ1 lj+1 Lii* ^LSU Jt-aill 

Ojl^p i*jj *Ul ^ tlij ^i Lt^*JI CJjjji *J ijJuj liljfjj JjL J it£ iii _ 45 ■ 

jj , jijiiii o-p lii^j pLWi jjy lj^j . ( l^i ) jim j^ 

W! ^ yLtt U*, tUlj 'UjJlj lH% Jljjjjfl <jL* l\LJ . 19,625'C jjl^Jl 
JjjJjJl ^j Uji** culi jJI VM jIjL I* ( i } < 95 u tfdtf till ,> L*S L^l 

T fj&UI :J>}il i^tfj* Ui i 5.8 cm j|ji*j LljJl ^ (Lu* ii^\ gg |j! ( y j 
iuLij i U Jj_»Jl JJJ ^_1* {riJjWI o-jli* 5-yJ ji -jl jjs JiL ^ iu£ cimj _ 46 ■■ 
aJ 4 JjJJl jj ^^ iiil y^ij ifc . ( 14-4 , Jii ) i j E Jj d (> yfll 4JL1I 

. (ll^JgHL Iftjjji iL-y uilj; ^ d^i JiUi ji cuJi . y^jill ^ J1UI 

. S^JLall oLliJl HI* ^ 14-5 * JiiJL. ™ijll Jjj^JI j^ j^-jl « 47 n 
Lajjtl i ^b)U(| ynil j^ yljjiiij jJail! i>Lu jj jlyL^ o^ - 48 ■■ 

-lji & jjUi dui ^ r, jjji jiSj . fJi jdTfi lx >^ij jlji u* ^^< 
j^gdb ( i ) l T[ iri^ i^jj jijsm ^^Ji ,> *_jUi dui ^ j-Hi i^ 

J UJLUI ^%llt{ (u) f ^L^JI 
uijj? ^J <ibu ojyi ijj^ fMJl iji»* tJ^ o^ JjJ^ ^ J^^ ^^ - w ■ 

oL^I ji>! itijfj , 0,3333 s JjoLJf yj j^j e^> 27 D C Ujji ijlj> 

^ j_»j; 1*1 liLJi ji* i$ J> , 3S"C Jj Lf- IsUI i>-y ^1 *9jjJI Sjl^* 
? ^bSl SjljiJl i*jj & 12 h JMi fSijill IkiJl ; lj« U f Jjjlill u* 
liu j-U 90 kg *ab£ J* ; JSj U^j . yidl *Ul J*- ^ «Lj 0.85 jtyW ^ -L^ j^i* J^ . 50 ■■ 

jiwj ItJujt J^JaJJ j-iljJI jljjli'Jl JJj^j *Ubfl li^J Jj^)Jl Culi Jufcjl (y) . Jy j^JlS juOJ i^jJUJl Ji (jjjll 

. L^JU[ ji-J l*jylll C>* iiiLJl SixiJl ilj^b ^i ^jdl , *j^j £, J^jJl 




14-5 ^Jii 



-flsa 



ULiiJLi _jjl i—&*ll *£j>}\ uAlL ^Jjiil; £)ii ijiu Jli_i 

J-*J L>^ll lij^Jl yj yJJ« fijj ^JjH Jjll Jl J^ttjl J 

Jj . Lii Lfilj j> J -u^ L^uail LiI.j l!i_Jj , u^uill 
?lj_j^ *j-ilJ ULjIjJ ^ Laj su-iS" L^*i LfJ ojjJb 




C^JI Um 15-1 



sjj L^JLf *lj p i Lji; sjU jl J Jiili Lift ol^u vi 4*!*aII ljL>*II 

jUxiJI jjj j_SH |Vl L'ljiuj LjijJI jjLJl djjj jjj , k**dl Ja_iijl J iJaiLiJl 

oLy b i &^— Ul 4j>jj>jjEj , jj>^]( oLkcLaJl Jjij L^Jiu Jl sjIII j_^j *j*J iiyjl 

jl yj ti Jl— J > 'l+f-H yj. if jii IJ j: Ji-lj ju t |jk> iijj} ,.u_u ^J 'jj' j& dJj 

■ i"'j' J! j'j^ 1 J*^ u 1 l+4^4j <; 'ik>^4 hu du* ij^jj i jifj ^j^i 

yvL<jl *» lis yV <luJ1 i Lj^aJi cjL»j1I jLiil le LLt y^ LiLltl yl 
^-J <iliJJ Jjl J*ij yS\ Ipj-^ Jiuj o^sJI U 1J Ji **) , UjjJ **Jl L.I* 
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( OjMdJI ) jiiP ijjjliJI JjaiJl 






ftlpJl > OJ^Ji ol^l 15-2 




:1M JLi 

)+-+u ^j^A jjj jijiAi jj>j 
cjUtL* iuj ^i ggjj gui 



i_<L5 , j_U wJjp^O Jjrf ) . 15 1 JiUU ^i ii 'yJ: , V UJ_li i J ,JL; £t»J 

JlUj LJjL i oU •IjfJIJaLi iili ^yl.1 J 15-1 J£iJL jjJi J^ Uj^ 
•uUl \SJG ; LJI JJ ^j^Ji jjl gj& 4JU iJi*J yj . MjfJI jl jlkL [L*U; 

jLj_>JI yj (iiAfJj SjjSS olji -uLtvl DJA jlj^lfj , *ij+Ji [J J-^J jL*Jl i>! ijjju 

Lwbi* jJSSj ^1 k ^yL*l*o!lj ^LkpLsjdl i <JuJi\ oLIjkilil (^j iL-iL 
A B, C d«* i 4_a^j ^Ulfjl^j ^ 4VH **jil 16-2 Jill! ^j 

jmi Ji*^ ill* j] iiu^Lj . ^yUiKiJi p, Q p fl jju; LL l ^L^UiJi jid 
ijl Ua*iU *_, i ^ <Ji>0 ^1 4^^JI tj.^11 bj* J^ dj^Jl Ll^ 1^1 L5— 2 
ilny . jj^ 1 ^*^J' ^>« j* ^y f"*jJl li* y jiilll JxiJl jj*-** JLt iuLsJ* 

<Jyil? ol^yJu i _ ■ ■ in" 4_jjj_Jl o-jl 1 J ojLinliiillj olkctiull jl i'jj'j j^-lJI 
Oj kji 4JUl y 0.01 Jlj> ii* :J^ 1 c#ty(3l] cja ^ji jj t tl^Jl L*j y ll» 

Ji«JJ "i j>T jJ^ jiUi ij! jl jLp« ^jj UiLuil Ij^^I liUjil J A»UJl y| 
i 

(j-t j-ijJu dUi ,jj ^|j^ tfiilj ( i>Jb j>tj pL>jI J »jil.jj Ia> J jjhJV "^ 
Liiiij L**jli Iij*Jf oL j_i L-Jl ijj i^iJj . oUl^illl aj*> J jjh(*ll 

Jijl IJJj * |>um jJ-*( y* ii-^l fli l*jl Jlfcj jiJl i 15-3 JijJl jj Ly>J\ 

Li>ill j_i'l ^LJ J£4lj lib > iJjJ '-i'j , y i&-3 JiiJL L«i LkliJ *jji 
SjLjJ Lftjki y j ^i ij jljj_; jjtjj 4_ii* ^_Ls ^.^ij ( 4^-jal oL^JL lit l jt^} ) 
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( OyJ\ ) ji* j«WI >AII 



^ ^ i+jis jWi ^ k ^ *f j» £p J*y pM tojN op p ^j 



,j_J iitfi^ ^A*^ ^W^ Jj*" 
'ic u d_jja* lu-L -jU J jil J 

yj 0.01 JJi — h ^ ^*«* tiA 

, Jii ji iii XlA 



:15-3JU 

.{ft* 




f 








_>,un » 




f-l 



(1) 



. ^1 p \w oUJi L^ J-x- 15-3 JWL, ^ ^ *Mj 
^ dj*z L^W jUi oLbil $ «rjii jLlil «M j» J^ « UJ| ^ ^J 
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( ojjJI ) jit jj^LiJI J^ift 



, ihjiJ! oLijU ^i (jiJl L+^u £) Coy* ^IjL 1*4^1 $jS 

i 15-3 J^&JI ypj L^iljJl oL^-jiIJ jj_i.l 1^^)13 <ji Lli UJ^jj 

lijjj , kit J_>l| JLJW jj J „ pjlLyp i» ^ jiffi l^Jf iilkll ^ jL^UI J 

LiWJ, j*Jl LiUS oUjJl 4JU ^ jj^JI ^ jjiD h^H\ J JjtH L&j u»J| 
Ji. olisll £jjE J^ L^jll i^*Jl jiJ J^J SjU^ Ui'il ->_£' wl$j ■ ■Wi 

J HtUI JBS a>w #1 o*j *<j'>m tyull ial*jil lull $ Jjj t Lli ^jiJi 



ojjlk^ 15-3 






: i^Vl ItbJl j,j*JI Jj* luil> <il> oi»j 




(*) ( 1 J 
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( uJljJI ) jtii !>Uti>JI J-tM.ll 



*J_jj J*Lu ^ ljjUII lij^l JiUi ijij t j^jjpJI iUl ^j*-iS jl iiil-J^ 1 ^ 

'^mjt>^ U^< J^U .IjnJ ^ jUjfrl Li^j IjiLiiUj^ lb- ji Ul t 7 
: cv*Jl S* t-J 6^^' iXj*""" V^ ^^ *^j ■ ^ 



IP 



f = . 



(15-1) 

j : ( iuil LJjl>i JhrjlJj ) 

(15-2) 



: VU JjJ* 



jljll </mj ^5 ft Oj*ll 4ij-i 


i>(ro/») 


m 


331-45 


■ 1 1^ 


316 


Ort-Jrfil 


965 


^ 


12S4 


i>*j;-*> 


1402 


4 


1482 


(20°C) id 


1543 


(50 n C) 4* 


5100 


rr 1 ' 


3560 


^LjJ 


51M 


jj±> 


,Jl Q n C i>jj . 


uu v^Uj will »J-J :: 




•^ J- J^^i 


y^ i^l j_ 


\ oyall itj-i jImj ■ 


: yjwi 


iiji'l iJj* i»jJ ij* 


V = 331.4 


5 + 0.61 7Ws 



. idjUli ji cyJI <* r <Jl> J# (15-2) Wl &l ^ 

jUli If- J»-a-jj jJli U*«JI *ji jl* fl i**i *w IJlill iljUJl *ib. j3 

^jjy jiill ^ jiij &j> J5t> IcyJI l*>il jj^ i> 5_=»jUJi oltiUafi /(% 

, Jjlj_> JjLjJ |il ijJC>J L*jil JlJJt &J& *J iwAf 'A* i*jj-- LiUJ ijL 

{ 10-1 UiUll ) J131I jUII jy f i JUuJg ■ W#^ o£ o^t^i lit $ uL:j 

oLtiudi au J B- f^\ owl iw 1 ***y ol i JL * JI ^ J^ ^ 

s Jff (15-3) 

y p 

; pi£ tfjlj* I*jJ tffy jbtjl LL^ ^Ui JUJI jUIl j^LJ j£Jj 
n_jffl£-fifiL- EI 

; jl i*J (3-15) iJjWl ^ ii>Ul ma <> i* ,y urt^Li 



M 



(15-4) 



j^ui ^ 3UI ij!^ l*jJ iji dfi-4) iijUl ^ jl 1 U* jisil i ( \&4) 

, 0"C j^ jljll ^ ^ Ajdll ^ W>dl fJJi 15-1 JjiiJI *i^) 
, T a* i4j|Jl ji y j^ ,>: Jj-^JI Ija <4«JU ji j£j U i*^ 



SjjJjJI »jlj>JI i*jJ 



15-1 jXwjj Jilt 



ii 1 -?! 



( OjjJI ) jiit >i*bJl J^ill 



M = 20,18 kgfltmol ^i, ^ (16-4] &L1I .UMJ M H ; j&i* JW 



ftfir (L(J(iK8ai4J/kmol.K)f273K) ,„ . 
Htf J 2Q.18k g /mol * mmh 

1.09 : LL^II . ^/p fl L-dl a^jI , ijill jJiafl jWij 



5a£J1 jjmj w&II 15-4 



jLiavi 




LJui iiUaJl J-jj _jjj J* ^ J^jj JJJI jJuaJl J jA* jljIjJ! J_iiJ1 ^3 Lijjlj 

i 5LX» ( 15-2 j 15-1 ,jjKAJU (j^i( jlf»Jls . 3^1*11 ui* > «LujJ I^jJi 

:lS-4 Jti ' **y J"**' ^* i ' tf* J*^ ^^' ( ^*J ' ^V 1 " ^y ^' J- 1 ^ 

- OH* J* ^ CJ — i .J-r_j^ Lilly lx£ij , ,jj_u jA US t jLil^l sUol -k i^j*e Ul»4 JJL>J 

^_i*j , LuWl ^ pi> ULJl u>j _jji 4*^11 l+i**j jj]i olkll Lpl^ / 4*jl! 

: jjl i LJUJl ^ i*^ll otkll y jjjtJl j! 

I 



SjjJll 



,Lll 



SjlJ 15-12 Jjo^J' f«jjij ( ^jt jit JiJ Jp'jll y SI iLU' j ^j_Ji iil ci!i>M 

i U .i-L. i Jl J*Jj ^fj43 ^jvljJ jLf> (jj jl jjl htft \'l»\ t \±% *-)lj ilu-u ^1 





£)y#}\ fu 


120 1 
100 10" 2 
700 10 -5 
60 10 6 

20 10""' 
10 10" 11 
10 12 


jiUL >ibill OjdJl 



,.la1I ^i ouy ^i ,*. *l 4j-oJL ■ 
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^ 



( <Jj*)j\ ) jidf- JJUlWl JydlJI 



5 jill jiijj j— J j } is ,L^x!l ,\£ jiijuil ^-tjljl' uP iljiil ,\li J ,>tt . ^//| j^j 



Jj^ijJLj ^^ l jjjLj (dB> = 10 lop • 



(15-5) 




10 
20 

30 



h\k*i , 10'' 3 W/ro 1 jjLjj jUJL oiTfi u^ ^jJi o^JJ -ui Jsi i liib 



UfX=1 



.10 



la 



^U 



; 1S-3 JjJtfr 



lOlogi'lOH'^'lOlinjI'OdB 

: JjU; 
10lo£^- = 10log-^-=10lo£l0 12 =120dB 



(dB} 

- ^j_J( jjLu <JJs*I ilB f-J 15-2 JjojJI cm- L^ . JaS* 120 iiB jj ^ 

. oiiJI i> <ili>j »i*J DjJjUll dB hji 15-3 Jji*JI g^ ' &U> jj l+J^ft ^' 



10'" 
10"" 
10"" 

10* 



110 


10" 1 


120 


1 


130 


10 



J| Li Jj jiJi i lB(bel) = 10dB * 



: 15-2 j>«ji Jti» 
. 10" s W/m^ Lpii i^j«e <j*-_ji dB J^^jJLi ojjJI j^ i^j.1 

: (15-5) iLUll ,> : jfiwJtaJ 

o«|i 6 y^ (dB) 10 log i-= 10 log iS-rs- = 10 log 10 T 

eQO)(7)*70dB 
dB 46: 4jI*?I , 4.0 X 10" 8 W/m 3 tajJ iui] ^ilill o^JI jji^ j*jt ; ^ 

. 3"i.O dB <GjJ ^u-u jl£ ljj jjju iw s±2i a>jI 
V bill jji-« ij-i UU jj : JI^j 



_54S 




( a^i\ ) j&fi udilhll >il! 



f 5J>f>JI "will **^ jiJl j^y I jj^ 1 j* l* : J1 J- 



L = 10 ls W/m* ip. 35.0 dB s 10 log 



¥ (log) /JjjLcjIH ,>! / rj£&*3 J^S : Jlj- 
. tuitilog (log x) = .v 



3,50 = 



anliJog (3.50) = 10"*- 3160 



anitlog 



k>£ 



I 



j# j**; i r y-= yieo ; oji 



/ = 3160 L = 3160 (10 ]i WW 3.1C X Iff 1 W/m* 



( ^i*J! gy^l .yili ) : jfciiJI ; ^l 4JU j* iJuSJi 15-5 



J*. Jl « Li 



%*jll WJ 



, na - pia* 1 A < A ) "K ^ i V 1 & J* to ^ $* F a ^ il ' jJiJI °' 



/ =- 



1 4nRJ< 



:ijS3fl g J«>iiiJI^Jiil** 
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( OjdJI ) j& \jnt\>i\ J*»iJ! 



L=- 



4tf* 



\ jAjJI *JJjjJl gvlw <il-»H AJ SjlUI j^aJ V*jU 4jW' *ii-aJ' ^J^J 
u \&*&s IftfLj Jau jJju i> uftji L*jL»i* Lilwl jLWUI u^Ls-jjil b j_i u^jLt 

: c i f li4Bi^iai,4....)ijjiiltolaij| 

(15-6) 



J, -J. +/.+J, +. 

tot 1 2 3 



. JjTH ijjJI &fl ^ ^*u Jj^ ^L- 1 * ^ ^ ^J tpyiM <SWI ^ (^ 

yl uLi^JI j^j Lute fj U^ ^LJi J-i ^1 Ufll i^AH j* U { I ) . &p3 

ijjjjJi Jj_c *Lvi l4> ^* ( JfJ- 1 ^ ) $*^ tip** J* k (y) f cijjl ^Jj 

, Ijjiii Jj^fl jjjJI Jj£ !Jl> jl will Jji-gj Ojtu U* 

^LS IjJ jjjiJl ^jLuu ijijiiu ;> 4jjv*J1 cjL^jI' j3ii ^ Jj-jJI ,yt b ; Jlj-i 
ULkJI o±j _jj i uUill j>f jjuJI ujj m \^At If^Llu 3jJJ< u*»L& : *jt>Vl 

■ *$ J^J 

, i w =ii +/ a : ^ (15-6) UjW] U iJJJI m : V^ 1 

djJ (j^jjj ijiy-^ "tij\j-t & ojJJI jj^-J S^plyli i*j-aJI jjJu ki^ : Jljw 

? 7 Q juJI jj^ tijU "i Ui>i 
, liiill 6^ $ (15-5) *JjU.I ^IJi^i tf*t : *jI?3" 
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( OhjJI ) ji* i^julUJl JjiJl 



: ljjLu to*j Jjll jjJI Siij oiiJi si* y,y dB J jjiji (y) 



dB = 10 log 



UJ 



1U log 5 = +7 dB 



3 dB jljuLu JJLjJI lijl^oi JLV; JJJ^ lU u&JI l±j " J ' 1 - 1 " U15 til cyjl ; ^j4J 

^ijUjiNtytltf 15-6 

4j-iL* j£ iju$ ij*.jjj |^J|jl U„,Ll> J£i illjjj : yLv'i'l i> y*J lJ*^j ji 

jj-i ^J ij-f i^jj JI ^Ul ^, ^ Si «j , ^jUJI aUI ji jaiJJi ^jj 
m j-jj . J>U i-jj^Ji owJI ijLp- {i ^J^j i j^JL uLu ^i*j jjJl cjuJI 

vL> jKl 0^ ■ *-W JJ lil-i^ WJ/ j^ ^^ jj^ 1 ijl**-l j*Wj 

oL^I! ^j , 20,000 Hz Jl^> p L»jjy jjji ^jjl S^l ts^ll ^ 
ji « _UTfl " 'JijJI Jjuj . 4^uuuJI ji) LJb-iIb Luiill lis ^ UjJ J Jjjj jjl 

, 20 Hz JI)* :jt Lhjj^ J^ 



!2D 

so 

-II 
20 




















\ 
























JlJtjjfl 












J 






*s / 











i>U 



KW 



IfljOGO 2MG0 



iHi.i ij^iM 
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( O^aH } y*t jjuliJI J^iiJl 



ftJUiJI yfjjl 4«L* (. friLJjj . J jjUjJ OjW Ulj^j^l 




ft*"? j* H*^t— ■! lt* °j^ **■" - 4^' *kj^*" 1 ^j ****^' ^W-^ 1 

aj4m>J! f£*M jjJJrj_ &j>1\ ^L_jJl ^ £j£j i lyLj^ll Hijujl ^W 

U>lj Ui o_tf jj_j . ijiJsJi J5UII J_> ^J lubyJI lsjLII fai$ J 

yjJSJI J_*u J_>0 Jl Lj_J jjill JiJjJl 4j_iiUili ifciiSl ^l^i i*i*jy cili 
uiiSf JjjJ u^ ijLjj hid LljjJ ) JjS' >U1I J "K^ut J but! IJ ^L£ 

, ( Jiiii J*~ Jt j'jH\ ^i &p ) XfrXJil oyvll ^ju *\j*\ Lif juti iii t ( ill Utiil c/HUli ^ 

ip"nj ^4 JJji L*ljiJ ^% *j cmJ OJ^Jtf Cjlji-i i)i±) . iLujJl jj U*yiUuiil ,> JpJ JJ J^JI j.j >' 

^L/ill LJLjJl ^jLIi ^Oij . oUiUWI JJ p } % jjjjjl JuUI ^3 t ^1^1 jj cljLsJi & , 4^JI 
j-ijiji ^j ^LJi LU j_^ ^ Q£u Jj t i*i^ J; ^ Iw^yi oi^'i jj^ LJ^5 4ijA* jj ^i>jJi UjI*^« ^Ly 

^L^jjjl liOJl 4^ ^iiijj . ^ ^1 J^ Jj, 0> J ^(J| ^i jujyi j^| _^ ^ ^l^y^JI 

*J5u jj^Ji ^Lti'dl jb« l j_ J ,j jl ,jiyij . jj^^SIs ikvi^ jjLuJI JiboJl ^ lui; J ii**lij Jjili ^UJ 

LXwi^ y^ yt^l j>i Ii* tfS W J3 ) , o^JI Ui J jij iLuVl ji^ *J3UI Jlil ^ Jl ^JLt JjamJi ^Ji jj^i 

J| ^JLIp US jJj . LiUjII LtlJ jljj ^Ijil^li t |^_Jt J> ^UAJI *i^l Sjallj luljj J * ^.jill ^ji Jrt« 



Argonnc National Laboratory 



54D 



( <ij*JI ) jin ^Wl Jh«JI 



- j***f ^ Jjf' ^Wllll ^y*! jaj t Lulu i^j-jJ iJlii iu&l 
^ jj ^k i&i« J*J ^*^ Ijlu Lo . ^yi i^ij i^L^'l tlydi fc. U0 $&H\ yl»l J v*^ 
LJUll SjljjJl cAjj-jj jjj gJBItfl Uejli Ji* ) luiuJf Jyj tyu J^ J| ££, jj Jj i s±,^ iliUJi'l Jl l!^! 

"J <J ±£jl\ (> $ i I4U1 JiLili JjJ JE^I dttjl jj ^L^ i*J( Jl k { ^ L^l i^Wl ^ ilLs fi\ 

oljjjiJI ik Li ; 3000 Hz (> uvjillj L^J ui ^Ji jl ^| i^L> J^ij 

glTl ^jitJi ji* £j^l "bjJ jj^j JjjjjJl ,> jjjij iuUl iii ^6 LJtww j^II 

iMyj , 15-6 J^jJ^ r-*j« JJjjJI £-1 jj^ 1 <**U> ^ j#ll Ikj , ut» 
i !jL1*j . jjijSjl j_j iM tuuj iii tfjS-n Jil Jiijl lit ^j JiJl JuvUi 
Jl_j_s- ^jj. ^^ ,jjij LjJu: 1000 Ih ojjjj o^ f L- LjLJI ^1 -.i. ■ ■ 
Ijl 1J 100 Hz wjjj ij^ pL« &#l ^ ^ukuj *i Ui^ v jftl jit S dB 
U: ^jjl ^1^1 ^ i[i ^JaJ^i . JilJl jl* 30 dB Jlj* oaJ ^^ jLS" 
Cji vJJs^ ( 20,000 Hz j 20 Hz ) u*-Jl ^^1 ^j_* ,> Vj iJL L^Ijj^ 

, I A* tjji Lpii ^j5u 

J UIj£ pJ^U ^Ul o^Jl til ^U* 15-6 JUJL iijLJI jlxitl _ji«j 




: 



•J* Ijt I4JU4 ,t* jI.j-o^I iJi (fl jU 



HP»» 



1 r 







-550 



{ ctyi\ ) /* upmWI J.rf/1 



Ljjjifl oLyLJU djlb J_1j <y i^j jjj i Uii t5y*±i jmjm 120 dB »jjj sjii 

LjJjJ jji*« ol^jj ,jj^u]l |jl 4jyi*Jlj . jjj*il^ Uilj lit ^.u^ ^! ,^£jj 4JUJJ 

xfJaJL^ Ijjs [ »di— JJ LI; Lljij L-u—y ^i ^^Jai U^L ^ijjiJ iji sftj dB Jl^> 

■ i*^ 1 ^ J! 6*y ji Lf^-j ii>i J*ij* J[ tfU)l* 



O^jJl Lp^j Oj*sJl 4>jJ 15-7 








If, .Jji'il^ipi 



OCX) 






0000 



. J-mjIjJIijilyJlfjl 






j-iij! Oj-jJ' ( Uajii ) Laii-J^ ji t jJIj^uJI Ijjj^f .Akt >Uya£ ( IjL> ) Ulf 
L'ijIjj i i^j-^-^' oj-^Jl ^Ij-ssj Lfji^Uj ijjJ' i>jj LtljJi . | _ r - lJ I IjJiii 
ji <0JUj LuIji sjj^JI Jb jUa^ J**j L,jic . l^il ikugJl L^xJl L 1*1^1 
4->_j* J— u jic jlf*jJI |j* l - w. iJ I OjjJI (jji*j 4£f4> djJ djj (ji^j^ f 1 ^ 
SjLil jfj*jj . lP^j^-^J' pLfeuJl jjjjJ IJjLj 1*jjj3 Oj^i ' -J*' ^ 4^ 
jjj^JI lJJ ojjJJ <H*Si jfil j>i jjslj^l JLjVI otk*j l^H jjjl jLli.'Jl 

JJjJ JUL; jljjj lJj— j SjJLiJl SjiJl JJ_p L_uOj Ijjj . j>l CJiu) |_sl Cf-jJj 
UjljJ Oj_JI L^-jJ jjlI*: jjIJLjJI ^uLl j_J_j . Jj'il Crjdl l*jJ ^> lei 

LijijlJ j^ ^Jj ^jilL y jJL ^U, ^UiJl jbji J>i ji; Ijji , 3jU Um-J 

Jjiaj ^1 t«*jJlj yiL j 1*5 jjLs Lf]l* J™*>j JJl ^jjuJI OjUj Ljjj: iJj^-u 
JUi>j j5 L±1u j i^tij Lb LrtJI ^jSJ JjTll UUJ1 jii , ^ji, JjU UJi 

LLjt 0-i ^'L llLj ijtj^Ul jjjll )^j ji ^ 1 14-10 fJl\ J Liij Uij 
)j_* tU^'j jJ^JJ iL^jJi Ljji^"i'i tfLaJlil L> j-ju 15-7 J-i^Ji r^yi) ' * J>I * 
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( Uy}\ ) jb. ymWI JjiJ] 



:15-8 JiA 



4_lU*4 jjt 04^ j3^J1 jifc J^ I iljjj 6iX L*£ I ijJjLp ^J>J yi ^iJL 
■ 

i,l i-i»j . Ijlill objtilpJI Jill* ^ v ^ tJ> ^jj^ifi ^ ^ .Hjj( 

f 1,1*1-1 ^JjJL; ttjlf l^ ( ^| L+^v ^p uJ| ji Jb±i jjlili oLsiil^Jl 

. ^>Jl LU ^i bj> ^k Lilly JSI l^W Ou*jJI Wl 



1.0 

D.5 h 



AUI 



11 k 



III 



L 



. 1.0 

0.5 4 

n 



^Ljijl'l ijjjjl 



J l__L 



500 IfflK) 1590 2000 Z5D0 3ttHI 




IXL 

HJO tQOO 1500 200G 250 



MOO 



i*-, Ji*3 l^* 4 u£li jtTjl £m j3j jljii^ 7 l*}^ *ill, 15-8 JiiJl -jk*. 
SJUJi aJA ^ k>^j . LJ Jl i^| Jl^tL JS^JI J oUiljUl J|^J j(j^| 
dJj l* f*j)^j . ^Bflj J^l u*u%dl »Li^b ll^ U*i oUii^f ~*> J, 

, L*a*j L^tili jl J^l Liiyjl j^»j 
c/ftl ^ oljJ at* ji *BULi L:L/| J[£t<f| Lli 15^8 J5LUI ^ 
iH jh$ Ijj* ^Lu yUl y, J Juji li, ^ ^ ^ ^ _ ^i j^y, 

, 45jkll ^* l^Ji ik.,1^ jjy | Jj 

"U-Jlj *J Lij£il oUJIjjJI jj* ^ jkOju ^jj4*JI ijfiy J j^ L -'■'" ■■ 
Ijj ^ii y: u^ ^ d^i ^ ^^ [^ _ ^^jj^i ^ j^j a Jf j || 

ol^Vl ^s. Lwi JjSLj jljiAj . L^^ ^ |^ ijjj ol^.Vl Jtij Jw 

jl O^Jf ^IL jJ JmJI JJjiJLf yd^JJI OJ^ ^ Cl^J Jj- 3Wj i jj>l_) L^iJf 

. M*jj Olwjl ,."^i> 

lli*. ij_Jl jli lit L*l*j t o^l i*jj .uj>j iij j+Ji ^ v ^j 
Ca-J oVWI j!» Ji, J ijjl H*jj i Jj . aJyltSfj j yuJi 0>J i- 
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< lU_j*JI > jte ^Wl J-*iII 



. j*-i j* J! &**jr*r J*"J <^ lAl * & b *^ ls " ^i^ 1 **^ ^^ 



4*^ cjI^I J*Ij? 15-8 



:lS-9 JW 

u i CALpUauS JEUj j ■ ij|l* jl 

ir - i> J »ij L'-^J ■ ^J" 3 ^ 

■ J — *u jl .J*** Oj-a £"j J* 

(m) w— -*j - >j*** e 3 " 51 aj ^! 

j> Li j ji»Ji j — Ji j.p» e**»i 

. » -M ji^ji a i i/a jIjL4 

iUfcii j— it ;,-*>« £l* f ^ 1j 



jjjjji Sj^~> »#** **>. &ij t 18-9 J^ Ltt^ ^' ^ 'V ">■ ^-^ 




i»-(fl 



D ^Si ^UslL ,>ii -> oU=j^i oia»yi j*s j-*^ ^^ j-3j 






^j^ji ^ ,ji sAy ■ o^j^ 1 J 1 J^ 151 l^^ 



jbj 



ii^ ^oj iij t £jj ji* sp* • EAF ^' *y^^' r^ v ^* ^^^ jl ^ 
*ij uti. u>^ l*-J' J! jW^^ 1 Jj ^^ ^^ tl >* JI ' 
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( OwJI ) jAs i>n*L>JI JjuJI 






l&JI , olkUiJI $J *iu»j . B »Ln Jul J! >% Jj*J* D* A il*j ^1*1 

OjjJTll JjJj ^jjy J j?j^ i 4±oJJI (jjj i D iiitUl JI ^5Lfc Ji^j jjliLiili 
ijjjp, fl J| G ^ £j o^Si J_^J CjL* A U*JL; 1^ D JJ C ^ L A 

. I 15-9 J5-H^ j«djj wiSjJI Ijuj . ZJ i^i L^4l >j *^ jiJl J^i\ 

Ji^J'L, gjjll ^LJ ^^ i 15-9 JiiJL, ^1 Jijli J^; oi^j 
pi — lAi'JI LbJ jj.oii.jLi 1^1 Ju*> j» J5 ol^ citoj Ap- ■ I 15-10 

Ju£ l5j>I d^ Lajbul il£j •■ L Juul\ 'ljJuu ju jjjUii* oL* JI tit Oflf C jj> 

tj^MJ u Luiuj ijjlku oL>»il J£u UUJ uU' ^Z L4I1 Ji L^wJad j)liy/) 
JJ Li I J LjJwj ^| JjlES jWl jlj V-MJ M Jjli+j m^JI £( ^ Ijjy . yijyjl 

UjlaJI Ltyll Lu* jli pf *;iyi J-oilli jj&ll wSljjli jjud y»j , 13 ULaUI 

i*-Ji iIj I 15 10 J&JI «^jjj i ijil^^l j£[a JulJ £jftl\ }}*±j}\ ^Sjl— J 

b±j>jL\ LiAri <ji jji: jjll ^jIjjJI J>ljiU Jli* Qb 4i^ ; ^Ult JnH li* 

. LlArfJ OjjJJlS j^£j D jJlS OJ«sJl Oii (ji jlTj ^jjf ^JLajl t ij j* ll Ltliii 

►j_?JI iL^ fMD jLJl JjJ, j^j o_j* i v 15-9 JJLUI JJ $\ fiti 

jLA\ jl ^1 ^^ . JUillj jj^jJI ^j: Ijjtlij jjfif JJ O^l Cj-p ij^ 1 

jl* jLL Jj_ jJUJI jjj ji . jj._jll J^sJl JUv jljiw jJaJI (ii Jiti ^1 



lAAf 



f. 4 = ^ + fl J. !«=I),U. 



si>< 



(I) 









— W*+ft»|j l w ( u,.,J 






(u) 
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( o^aII ) jie ^liJf J-aifl 



J>a> 



^> ^D jj J*UL J-*j jlJ utjj ujti ji ^ D j] J- jS ^jl! JjW 
4Jjl&> £ J| J^ jj-U)l jUi J *£y>tl\ **jll gj jiim Im) i JiJI jUl 
jjl*I uJ> $1 jl . JUI jLJl ^ 4Sj^iil ifrjll p SjjJ uiv^ jl^ jjWl j* 

. D J^J- *y> ji J^Sj $Jj i tfjfcft j* l*»'-i>! ub^Ji ^itt; j ySljjll M 
. ^ 15-10 JSJJl, i^W fa j*j ' j*-*^ > ,jilJ ^ ^J 11 lijl 
LjJl* jj>l ij» &&-i (j^Jl J* 1 ^ 1 6' iJ**^ pJ^i »i» jhJ**J {&;j 

^ yii> J^ JUl jU! ft> ,je 5 J| J-« ^ j! ul j* jf^l ^ &i**U 
^uLi ^i j-» fi^L-jj . <i«t£ jjuj-Ij Sjjj jIjmj C jit L*»U^i Jp i j>i ^ 
^j L^-j j_* UU ^ li>> $ ' C.iLiJl oif ^ 1*jjj J D J& ^SlUI y#i*ll 

g£i Ljrf Lljlj. ij>^ JiUJl >IjuJI yji iiS*j . JW*SI Itii ii* jSii fttrfl 

: jji . u>jLl Jijfc'Jt o* •!*-» Jic /a* ^ jUl fti j-sji ji J^i t A JUl 

ft =1,2, a dii> L =L W ±nA 



.[jA^Jlli^) JM J>IjjJJ 
J>ijjj| ij>,j j| i jti+J^ J>ljlli *LJI J*jill •h^Li.l ll&i y^L^I ^j 

; jj] , j*jll JjLJl JLail j> l>i>J IjJ* 

. ( o^ "Si ) ^jjfJl >^ 

u j^ o' JJ ' J^ 1 -^ 1 iji ^ l^ 1 ^' ^ M ^ ^^ ^ii^' &* ^j 

juj U*li»i <>M>lai; Jj-i L>^]ii t>MAid>j ijAJUj LfA] j*j 0^,^' ^ 
. >ljlJb jJ*u ^1 Lii r Jiil JIUI ^j i lj^'I 




y^^j IjjLU Ijljul ^Ijin 15-11 J4JJ! ^ u^l-^ 1 oUs^l u'ji-Ji 
: 15-11 Jti J ^'i i Uai; J j*U> Jaj . j>^ La±>i il»o (K = 70 cm) ,^L*l* j^i*^ 

- PB ^ iJi ^ . " ' u . 

f U^ ^J! oj^JI ^ j* idatt ^£j^i if\ v^v j^ 1 « U! 
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. ^P 



. 



( OjJI ) ji* i^tlil! J^JJi 



? ta% li^ i&pjj ^ <^ ^11^1 ^ L : JI^j 
sjjj J^ jliuj jjUi ^jliu j*UU J jj^l & -jL^jll J* Lilt : ifof 

, jjl* JiLjJ UfJJJ ii>J 

. IjU JijS ikiJl AM ilc O^y jjte il'Ji dtjr-W Cj* ^ Ul - i -''-> j> ?* 
5L4S jjL^i 5 ^ dj dJL-iyi cjL>^I {j4 ^£Lj iJ oLaj" iJjai AiUil J iu*j 

. J>ljiJl ILL jifi ,4 ^ 4jJI UL^I iib»._jil (> 

, tit R mj fri A/2 jIjLjj jj5l jaLUI ^Auu b£, Ljj£ ; Ob/Sl 

AP - PB jjJI i ^j , x jlii, Pff Jjjj 1 jijju, AP i*LJl *# : h\fi\ 

: £jjj . 35 cm jjUj y^Ji JjbJi j^ i^LiiLUi!jjjj| 
4P-P.B-2* = 3Gcm 

B sUo 35 crn/2 = 17.5 cm Uji <iLa J^l $ ^ o*LUi 0' J I 



o^\ 15-9 



Luiej jjjiJl L,*U» L^LJ 3JU_j tfy; oliiL L^jLju Hjli*, ^LJ| jbji kuij 
U ijjJ jjjli t**j J] iUjL# by*** ^ {+$ yyi jtjl i»i J?^ uj^^il .jL 
ii> i^j&l* J^ l LijLill ^J trjijJi yyi 4S>y| LJLJ iUU oilS Ijj 

f ' >" ' ' ' j l 4jjL*jiil CjljJjjJI jjju! IX|i liJj 4jLjJs jjjii , 4_5Li J I ^Spjlj jJl 

. uJjAJl li^J ^lj Jtki jle 
jj LLu ,jjLjLiI< i^^ ij'}^ tjljU-a+ jJmV Ujuj^ iJ>u L *_ilji Vjt ijj 

^ ^ J-^ *»>J uLS IJJJ ■ iljJ-^l ^* --aij*! ( o^+l/^ ) O^jjl^j jjj.131 

LyD Ij. jM jji^ U+ip ^jUI ^*^l u{(y iL**4 yli -j& 1000 Hz ^jiall 

ji-jJi jjj; J ^1 ^ , 15-12 j£AJV ^ fi*j 1 LA 1000 Hk Uj^ Ul 

, 15-13 JiiJL -jm j* L5 jj«j jjj A jialf jj J i lL u 999 Hz tjj! ji 5 

jJ* jjb ^i oJli Ijjj . j^l ji <^il| -^^JL ^ ^ LS , IUW iia 

**$l J^J » ^ w^l J| 0-Lil^JI J* J r 0<; W 1 j* J^ lj* JAfJl y-« 
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( oy}\ ) jitf. ^tiJl J-oaH 



A jU_»Ji jjio— 0,5 b j*j . A ^ i_il*ill ji t A & ^Ufi ^i jj;L j^ll 

^_u 3J Lo£ t <Ja>Ul aj« ^ kf La* Oj idw+l^ J Jjj iUtf s_j* 500.00 j2*l jJ 

t Lii ij-. 49D.50 }lil ±j &j_Sj B jL^JI LI , ( = D.G a jlJ 15-13 J&Jl 
* i f i ■ 

A ^j duuull J^LaJI op </*) , <Ji*Dl oi> ^ ^J ( _>LyJl Jj mJI sLvjI ) 
, aWJI si* ji iijj ,;jl m-u J JJjjj i ^>il L4L 

(,=/ D =KHIDIIi! 



:15-12 Jii 

nj1_ ill Gj -jil JjS^ Jjjill |j#bj 



\ Jii( ji 



A jduwjl 



f = lls 



( = 11,? 3 



J = l,5N 



111 



I 



d) >j*i 



M 



riji^uJI 



^■4+ 1 Hi 



& A 4 



W jj*at)i 



:15-13 jLi 
. "j* J S li^ib ti&il jjiljj- 

u— ull ^»Jj— — pljidil d iuJ Jijj 

HKH) Ha Lj*j OjjidJ] jJJ>i 



rf = 0s (»«l 



/=1* /= 1.5 h f-j'| 

(ft 




i'b) ^l 



M 



■ 557. 



( ojrfjj ) j* ^Wi >ui 



'jL>\ XJ B (jjiw 1 a juj , A tf. R jlfjjl jib' j*L«j jj^jll ^j y#jl< jljjivbj 
^ji^ 5 j-L^ll fcl iiJJ jA*jj LLtf Jj- 1000 jLil J A frfii Uj iL,LS" y 999 

I ^ixu'jl) ^adui'-i-TJ jKijH &4& uij- ■) (J|iJ , A y* iLLf DJl>Ij JjjJ J£ii lj>li* 
4-JUJI 'I'^V -J jJ-w IJultJ I oljjj LiljJ j-JjJI Jiyu 4jii*JI !JjJ 'j£"j 

oj_e ji Lk^u (^lj 0.5, 1.6, 2.5, s i'Ji*JJ! J Ll . Ij^fr puJIl ^^Ji 

. 180° jljiaj jjijl jJjUlt uijiaJi J i' 







£l k*.^' , i»Jl ^ aJIjS" iU*JI iuj\jjl 4JfcjJI ^j 15-13 JliJl ,»£jj 



|l_(L ^LiyJl »j> *JyJj i 1/s DjJ JJjL 4*Jl J 



jLiuSl 



OJiA 



irtl 



A*Jj . IS 



: JLj Li *-1Hj! LU£« JJ^I IJa is *LVj , ^LjJJl 

^LjjjJI jjj3 j£ i 97 III j 100 Ik i^yJi l*0J-aI' IjJjJ u& liJiie i ^jui 
jj ^[>jj jJ& 5010 Hz j 5000 Hz Wjjjj ijU^ ^ly** jJjj i jULy , 3/s 

F 

o J I Xii J^J*u ijrU p k_>ilkil JJjlllj OuOl >lvw Ij.Wm JjmiJ! iJiJMvy yit wlull 
jjj J jJj 1-u ;i_i»j u^LJI il^rj . I±> 1 jji' jjLjib'l jjj JjjJl jjlijl ^u. : J> 

, 50 HZ OJJjJ jJj LjJ k^ y! ySiJ jj], iJ^JI y»Ju( I Hz yjtfll 5000 Hz 
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{ o$*i\ ) j* ^UJI JrfUl 



tf> 




jj^ ^i 1200 Hz j 1000 Hz i>JjJi jj^J tf 5U* ^> Bjl ■ >Sj ^ u 

. os-JSi ^>' J! ^^ ■"j 3 " !i * ^ ^r ^ 



L*}* Sijiw 4#Wj 4Q$ r^ 1 <Jj^ i> *A 5 JV «#J *fy* ^J °! 

til ji— JjJj . *i#** J»i>- £**3 "»J4^ Wj-^ jf^ 0' 6^ ^' ^J-" $ '^ 

^jJL 3jl*ll Siljjjl tfjill ^y ■ 15 H J&JL LmjII i^l jfcl i i/M 
^ jiii* dM* jU Jl .111 tf> ^ii, ^ JiiJL L5 1^1 i*y Cn 
»Ul Jj^ £h J^-r 6i* £8,1 J! rfil ijjl— J* L&j . %& j* tUl 

OHM JU . JUlSjj I UyJl a- jjUI *>jIJ 3*1*4-1 ^ ^J 'j 1 ^* 1 V^ j J> W 11 
^L^a jji-* ojSj Uite ftijl &«h ^ t) i, j i ^^ ^yg^i ^ ^U y^j] ^j ^i ^^ 

, Jud^ piuJI JJ^I J W^ 






ijp j>-m 4i&b j» (^ y 

1 jijijH Jijill 4jt 




u.^ ±j ^ j^"J lt¥ J r* '-* ^ ^ ■**' ^ ^ ^ jWl 
^ o< J! ^ j^d jJ jjuiLi yyJi J* ^yi J-* jM> 6i Wj , M 1 

^yi ji fM ^ijii j^)i jj lii'j -^ ■ -til jJ»- J! ^r*) ^ ^ i^ 1 "*J 

/ I . \ 
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( ayll ) ji£ j**UJl JaOI 



^jj 1S-14 JS-UL ^»jll ^I^JI Jr Jl ^ ^ ^ liji ^iU* jiJj 
tUi ^tw jl j*Ju* yS^i jj^JJ ^liJi JjWi ji \ip 1$ . jkJi jjidi 

£p JjjaJJ ^-jJiiil tijJjJl JjJJl Jul* Ldi , *yjjll lis ^ jLijJI jlyft'JiJiiiJ 

LLa1 ! I oIj ;jl J\ t ^kJI lia it lui ^Si J I JyJI \\ jlilil i^ J*i Jij 
15-14 JliJb -jjil ,ylj4Jl J^**ll L>]3 ^J J^ *^J ■ *lt^^ 6^ /^^ J^ 1 
UjL Jj ,>Lj jJiil 4Jjti .vie ijji ^yj£ Ujic JatJ ljly ; ijljjil j% Jjr* 
ijiiA; 15 15 JjLiJI J-jUjj . 4_xyu 'L^js-jj Jlj_Lr1 ji* H| jft*L II 111 i i **Jill 



Mtfj*** 



J j_L J fljJI Jill LljUl **^l 

jji iiJij* i^id ^lAalJ^ll . ijj^l 



4 » fr 




4 ■ » 



4 » ► 




f -MX 14) fi^l'!4L) 



< • » » 4 » fr • 



to 




(-0 



)LS Ijj 5jU dU*J j>Jjj juiuJI IJ-* jli J)J «j , C^U: Ij^I jjk jls i*u V >J 
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I ' 



( &yi\ ) £a ^lifl J*iJt 



^\S U£ ^1 Jijl) Sj^ Cuj} 15-15 J&Jl iMjll oL^I 0' ^ 

ii ^jjl 1+** J ^ t jJUN jJ* gU 0j^ Wl tygfl op ilJJi 
Li A/2 rfjU jJU, <«JJ* jl rfs» 0*^ to <iWl itf ^*j ■ OjW ' 
JJ^JI ^ J>U U>; 1% ■ A/4 ^jU jjUJI oi»#ilj *JUI 0* " tiLil 

LJ# rfjU ^l>+-H Jj-Jl Jj-t 6|i V 15-15 Jiill J 1*1 . I * A/4 g| J 
, I&, t L = 8W4) j u|l f j}M lW'j 5j ^' tw " Ul ^ 
USJI cm 1G-15 J&JL UJjll ( ySljSJI ) **S*ljJI >=^H jL *! ^ 
L.J5UI \&£\ JljbSl fJ ilj&Uf *J^-^ L^L> $n alujft d*j J~^ 
jjj^l Jfcj-Tl • »ji3 if- ^ ^ J > «*** S J SLJ1 WjNU^l ^ 

» 7fj LijL-J Ulttt, < (ft ^jLj <*ltfl i£l^l tt» jls JSilfj , ^ W 

1 |i.: ; ^l ^ Lfcdjt jJ 4i UUll Igjftl &) *&-* ^J J* l ^JI ■ liij *J 

. iaiJ 5jJjiJ1 l^3\yl\ >uUii1 J^ 

^^j-^j . ^>ji <~*^ ^ m Wj" ^ W * '^ 15 ~ 16 

C,i lib. J^iJ-V VvjJ 1 ^'JJj^-" v^ i& ^' ^J ■ ^' ^ ^ 

. o^j]! lt r y*$ 15-14 JUJl; *«iitf ^ j* 

: ^i j jji jp «uuij oj*^ 1 •"■' ^ ^y^ 1 *^ ^^ 



»v 



H -501- 



31 3 & 

" n 


/ -JUL 
/rt 4L 




; j^jUl O-ji* i^jfJuMi VJIj 


k = 2L 


Jn 2L 




( jLjji Ij* u v*r ?,iJ>vJ!, ^ n - -^ ) 






( C/yi\ ) fff- yJUfWI Jdill 



iiljVljj^j 







• A » fr * < « » 








L*3fi.f2) Ji=3tv!2L) 



15-16 JiJ 




0) 



tHJ^J" JLfjj Jl DjiJl LdjjJl 4J_* ^j£ ^1 jjt y Jajjl Jj 

jX-w i_jj-* i4li#j ( cJjJI ^ ji ^jiti^ ^jjjji lj dwj uu-j ji l^JU di£*i 

■da— -i^ Lj—I^j ji^ti ^Sti Itjfii j^j LLl gj£i ( ^uLoJl ojkll ) ^(JjJi ji 
ijjjiJIj jjhJI J] LlLiiil IjLj . { JjUl y*Jj S& Ltji ) UjiJl c^j jljj*l 

. ifrpfl fyjfy J> jW^ ; iiil>Jl l##Ji i&Liifl JjjUH S>^i *f£l M» 
ur ii jljlJl iLJ^ ofill il* jj Jyj ijjj^fl ss»ljj.jl| $ Jlfj jl <iL^Lj 
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( CjjiJI ) jLt j^liJI JjiiJI 






, 20 n C \+J) ilj^Jl Sj!^ L»^j 60.0 cm L+JjL ^1 l>yu &j h^\ 

jU. LA*^l ij_j«Sl oJL. IJJ (_*■) . Lj_jijlj jj-I (> UU* (jjii ijij ojwSi 

: $] . I = A,/2 i ^i U*Ji. i^Al "^ j* ; VW)fl 

^j 3, ..■■■f lj jLjJJ Lii^JI SJjSJIj Ulkll 5j1j_aJ I 4_*jJ jii Aiu ; kl*jft 




* ii 



I^JI dlS jL*! ^ J*5 , cljUJl ^Ui tlj^Jl : Jl>* 
Uji 4*4 ( 3f = 28kg/kmo] ) Nt &> } j#}i <> CU $fa *ljfjl : i^Wfl 
M L«i s fcij ■ llyS 20 ^ l-»j^ ^4 ( M kgtoo] ) O a &***-$% m % 

Af pir = jftgp + (0,20)32 = 28,8 Itf/kmo! 

Ljjji]i oLajIuJI jlj*> j-li jjjJsJI b-jijj o^l ,jj LrtJjJt ij* : kL>)" 

* /j UiJLt lij J$ ijiiiijill UiJI i*$ «kku 4f!> ol i^ > : Jlj-i 

i jj_"^'^ t i)jJ*Jlji oW m J " ^ '^ ■ ^J***? ^"^ f^**^ ^&*t ' ,l 



ij L _n 



f jLu Juk -ili iijjuS'l ^1^ lj! jj^j Iji* : J')*- 

A^jJI Ui|i ij^ j] I oijJi^ij i#*L^ i^iJ j**i' ^ : ^i»^ 
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( CJjjJ! ) jZ* j-h>UJI J«aiJf 



? ^Uo^Jl jLjwLSl jjjjJIj ^jjl J^JI La L ; J\y 

, (-&./&«#, 
■' *^l > ^ byrfoi »*^m iyju^l jj£ Ifjjtf j,^ [JU ; Jlju 

20°C jl^ t\ytJl y'L^uILmS : 28.8 kg/mu] j,L^j ^ L^»Ji iH5Jlj 

: 6J| - U l|jM 

= [{Umu J/kmoLK)(2S3 K>(28.8 kg/moDf^ = 334 m/s 

: ( 15-1 Jja*JI ) W^jdl ii^UII r U»*J L^yi jSujj 
^ - 331 m/s + 0.61 T = 331 + 12.2 = 343 mU 

; (jij , ( 4jjJj*Ji oLtjjJl; jjjju <^fiJi :ii J J 1 ^< j^jj J 

/I sptt.^Mffi/s =286 Hz 

, f t = 2/, = 572 Hz ^ jyjfl Lj%J[ i*uJ! $ ^ ^j 
; jjj t ilbJl sis i j*uJ ^ ^jj^l'I !Lc »- j» .'m» (u) 



n-"7T77; — =143 Hz 
2.4U m 



A, = 41 = 2.40 m 



, ^jiJl l^jA* IfjfH *JU j) ^LS'l Mjj}\ JA JjLy jJjSjl I1a 

; £j&i j^l oisl^JI L*JI Lai 
^ = 3/1 = 3! 143 Hz) = 249 Hz 
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( ojjJI ) r*f- i^uiiJl JjiJI 



: jJujjiJl ji*)l ^5^ o^3 <jljj£ M j 7 ji iLdj+ 

— mi)— 

= (343 iii/m>(2.94) = 1010 in/s 

/,(Hh) = iwiiz) /i(flirS = 2 - M/1Uir) = 841 Hs 

. SJb i> j fj jw) jiisj JjjIui gjjIfJl oUiiJ 



jLjjjjjjllj 15-11 



^^)! oL*-3*U_j i dUjll *^i *^ LU LfJ&j UJli* ij*U» J] $1 JiJii 

^Pj ul^ ilLu Ojib jkJ ij^w JjXE Ujie i W** . l+Ji- JjJJ Jj(j»«jj 

■c LkST j '*■ ■'* ^ ■* tl JJj '-h'j^I '*-"' >-*jjj JjULoJI Uv jl dU j^j jjp . Ljj_j* 



i ( jLmII abul Jjiif Uljfc g 'n i -i i i 

, Up M&] Jl Li* uljiiKl 




-i k^uil jUI j-Ljj jIa^ jLjijiji' jjLJl jJL^HjiJI Ji 5^J p-^ 1 lift t^W 1 ■ 

, Lj^Ailj Lij-JI LLiL^jIf UL> j ij*LEJ< ii> iiyi* f;j^ 1S42 -U 
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( lijjJI ) jzz ij-uLiJI Jjiif! 



"iSf^A SjLw Lj ic jfjIjJI s^l*_j* L ^i«ii Liwi Jli* li_uLLiij_j^l ot^llj IujjJI 
4_>JJuSI l>j>jJI jIjLi iiiuj . jidll VLjj JJJI JJjjJI jl ^J^ rj>jk ^* JJ y uj* 

Aj» t&oj? «ij 3jLJI ciiLS lii l* 4ij« j* ^1 ivU ^ U i ijl*J *»/* jl* 



:1G-17 JL1 

j_il Lij_LU j_ Lull jjl J Jill jJld«9 

14— * ^i i^iU ^^ j*>il J^d 




liLjc^iJ Ijj-ju ^-e^ ijUl 15-17 jm\ J I H>jJ^ jl^jJ «j*U» p+J ijS-ijj 
jl ^J IjjjIj oU-y J-,j,j jiall J jj iijJVJ . *UI J jW 1 tl»J Jj*ju Lulll 
^! J *_jj~Jj iSj>JI iiflj t jiiil i|ij> vi i>f*jJ' JJ J^>JJ LJlliil jjljjJl j^l/> 
_j Lu ^lJljuU j_ t il yJbJI JLp lv**^' ^^uy j* Ijji jjjI t»»y m*JI t+* 
Jj-LJI JfoUi-l jJ ijljll ji j'jp jjljJI i5j* jl! lJi*j . jJil v^ 1 Jt 

[KJ jl jJiAj Li Ijjsj [ "<&>^\ cjl>yi L'L> ^ JjJ IjjLAj iyl£ ^J*"; 
Jj— /" il£JI j* Lfci &L j*Lili £&j &L .±A\ j15 Oij , 15-18 j£iiL 
U . I 15-18 JUL, »^jj Ijjj t f jjb*ll JjjS) lil« ^3Lk* Ijjy i^iVl ^*J 
jJ , liSL- j*UJIj ISpJj jjrfdl jjSj U^i£ iJ*j Li J^ Oli v ] '^- ,s J^ 1 
ji ^u 3£*kUI c>L»-j*y ^jll JjWl tfctiil jJuvll ^ vf-" ^ * JL * J| ti4 

tLLj . jfLJI jiLill <Ai-^ ^jjl o)»Jl jj*jj jjii JJ JJjjj J^-i ^y Jj-LJl 

isLiJI &L*J LSyi ji*flH u!£ Ijj til *iji^ <JjJ jl Ljj^ jjUi J,«l*lli ^ 

j^S Ijjlit LSffcli jj_ftil jli Ijjj ' f yj jfSl ufiir*" ^>*-^l OjjJt JJjJ jij 

, f ji j*j?I f|A-il JJjill yj5^- JjLiil 

-sefl- 






( OyaJI ) ji& ^)[>i\ Jjwfl 



:1S-Ifi JkX 

lUU 4LU1J jjjl v_l>Jl iJ> 4<JLj 
. >l jUlj j' "■" j^l jS it ju jit 

jj jd iija Alia Jib (uj f. jii 

. LiiU j*UJi jjlj LtJJP- jrt>1 Jj 
A i— UA ^ ji-Jl gjij Liit j 

i j^wji *_ ji y* tali j«.jj 4_,ts 
, lis* j t B '*&?& <& jJm 




* 



l lljJtItjilja. t Jl(j) 



^UjJi^lfi) 



:1S-19JU 



■ I' - f! , -Ll Ltli ^oiujjl 




ft 



i>uj »* L£ 1 |j5U jj-a* J! J--JL ^'r* 1 * ■ u '- i " , &&. \*^ JijH uiiivij 
^ il^ J£^ J^ ^ jiaii ,t^ ls_^ j#Uli ££ qji , 15-19 J&JU 
i &*jjl ^ JH> jjUI > JuilL. £i*j&l jj-li |> j^S! i^li J* t^yi iL+f>JI 

> 1 i 1 I 1 

Ijjuj jjLHI J^*! 'ji* i Jill* /'i> ^1*1 Ijjjj a**j lJ^w j*UII jl tfl 

( pjj-ljll Mill ji li^3ll Cjlf-isJt 6* jSi liii 4^1 Jj&wj J^ jioll i>6 

, /" i^j Jil Ijj^ alLaH j-jL j*-! ill L j 
; Jli la£ l^Luji Sj*UaJl si* ^ijJj ^£iy 

Lijls JJLj Jill |^j Laj>I jaLHIj j,aj]I yjiLj l*& ^lill oj*jJ! jj^3 jljjj 
ttUI £J v 15-18 Jiyi 6* J> 0' liiS*i . W^jJ S/Ui i>-*» O^ 1 ^ 

isLJl JjLu jlji*J jpdii J^lAll iL>Jl jS l ^ui_j>0« | jjlilljiL jJ*^ x W jii*i ^ 
, O*!^ 1 -^ 1 iW^!)*^i ^f-^ 1 ^^ .j^LJi i>jJI J^> jJ^aJt ik-lp U^rtH 

: ^ ^tiil JUiJI ^1 JjkJl ^ 4^j I T oL>jll S^j jfjL< j$ lifl 6^j 
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( Oj*sJ1 ) jii* jtaWI JjuJI 



• j^i U*j i BjT jljiw 0^^ 0i^^ 6*^ J5 <JA) iJUH J^KjUuj jj*j b, 



X F = 


a + l-,7 




: 


ij^TaltfjJU 


t.vif&$k& kUlSjty 




7 f 




j 


n_ r f 


■ 



jjuaii jUlu( Ui* jj Il>*ii jjb^i ^ku" Iwlw * iw^Ji jj ^uyi !Uj* e d^ 

. jJtLill i> jiflJl ljIj^I aJLs- i LJUl ijb^ll jii^ i j^Liil /j 

flJ4 jl . Bj Lkjl^ l^J[ \j.j* ,\j Jj| Uij^ J^J, JJiLill J ^ j^jiiJ 

jjiLJil 6>£i UjJjs tf + t! t il_*jllj j*LlJ! ^jm lj*Jl ii^Ji j^iw. IULpJI 
uL&II jLS lil U , 15-19 J&JL ^11 JJjill jj lj*j » jiall dL* lkj*I* 
i>J ^1 Djjj y ^fj Juu . b - if ; lu_Jl iUjJl ^jSjms jJmJI ^ lj*iw lSj*i* 

: gj&j Jj s A/b ^ 






Lui j-,11 iUi i^-Ji ijjj . jXjJ! o-f Ij*j,m> iuLUI Jy^ Lj^ u^^l 

15-8 j 15-7 ^jUUI ji ^ if Uii p+Ji ^ UjSj J.UI mUJI 
^15 fjj L Jj, JJJj Jijljj s ItjJl l j*iJl jjilik* i^jjjj ,jdJ>3>j uUmj 

, J*Uil pi j*-II j» Jj>a1! ^1 
LfU j-i jli*axj. ^ 15-8 j 15-7 o^jUII J j^i owl jaj Ji juj 

, ♦jjJI 4*j-r (n iuji iij-u LSjaIi jiLllI J jJuai! (^ Ljit iJjjJl ^L»jll 

-15-5 JL^* 
20,0 m/s UjJ i:^ ^Si- * j^L J T- O^C jjl; *lli ^ ^s ijU Jyj 
ij-* j^L> J-*-' j-U uJJJ J-JI JJjill , 50(J Hz sjjjjj IajjaJ o_p jilaj ji 
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( ojjJI ) jiiF ujutlijl JjiJ' 



9 tb L/L J^3 ijL-JI aiiS lij { i ) JUi! ou*J lJjJI Jjjill y> U . jjjJjJI 

? ili# "fJ^w J_>!^J< iij^S Uju£ (u) 

£i JSjU <i* Jt (15-7) "*k)Ull JfcLfi s cij , ^L , iii ^ , MO] : ty*/ 
, {lj) ij^JI ji i^jlij ( I') »j*H J yUl IjLi'jl JUU 

jjLj O'C L* j a^ ojJI « r <>' *** I&-* ^i^ J! £>*J^ : *W 

.331m/s 



: (i )*j^JJ^JL ,3u,iLL*JijJ?Ji 



/- = 5QGHz! jrj 



331 m/s 



Mlm/s-Hfl.Om/s 



= 550IIz §7=532 Hz 

oil 



(■^j) ijjJJ 4j_JLj 



/ = 500Hz 



331 m/s 



331 m/s+ 20.0 m/s 



550 Hz H} = 472 Kz 
351 



jjj ijLJl Jjjj: L.ji* *ks-^ tfifl 532 - 472 = GO Hz jjjJI ji j/H ^ 



w J 



. 500 Hz jjliJl ^ i^lll ojj jojJ jlS IJ| 20.0 m/s UjUu U^ o^- 1 j$ p> 
7 = 470 Hz jkyVl *Jl* ^ i f = 630 Hz uJ^I *]t> ^ : U^l 



: 15-6 JL^- 

LmJjj L*ij 4-m '■ ■;''" jLf^J l+jj f t Ujlji* i*j"-u iil*L»J BjU* Jj*^ 
jiL„ ^jjj J±rfM ^^iU^ cwi erf % vj^ 'jV^ *$$ *%J • ^ ^z 
_j*Jl JjjhM o^ S^jIj Jil L-jj 20 L^M-ii t lil 440 Ha Ujjjj iw jj-sy 
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( CyJl ) jbf. ^^!>J! J*siJI 






'J iLi>j . lhh^uJI £m J-S -V li.;^ J 1 -^ ^^ ^jM 1 >^^ IJ] : 4jL>^^ 

o^lj^=f-/ (1) 

: 5JUII }J0 JlwU « i Jm v^ 5 j^ ! j$ < 15 ~ 7 ) * JjL * J " : Wljfl 



f s / : 



v-u. 



(2) 



v-v f 

. 20 ff C iU i! a 343 m/s 

: iL-Jl Lj^Jl (SiijjUll ^ JjJI t-JJLl, tJLiiLJljJaJl 

20 Hz x 140 Hz m ™ U -440 Hz 
IM3m/fc~9. 



20 Hz = 440 Ha 



■ Jjlii Jjbu 400 Hz i*J] j>L 
343 m /a ^ 



J* J^>; <^wyjl J>!j -Xil 4jLj tljjklj, 20 Hz Ju: OJjWl 515 Ij^j 



1-22 



343m/s-i>, 



„ 343m /s ,t m/D 

l\ : -10 IYI/S 

* 23 



,jl 4*J 0, Jl 4+»JL iJjbdl ii* J^jj 



2!!u 1 =343m/a-p 1 



iyyjljyip^j! 15-12 
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( jtjJI ) jLt _i_uL>J1 JtdiJI 



j^ Ul*Jl ai* J , cj_jjJ1 ii^ i5jLj Jiydi jjjJl Ic^ jl ^pji^J 

U rtii gi Uii*J t kiS U o^Jl Wj-*j tl^f-Jl ^i ■!}/*% i)' +&* LjktLaiJ! 

. LjlLlu oUwJ jJ LiLJuJI !J_* -Jij* i 15-20 JiiJl *^|^ i u LijIjLp 
LtLi^l .ilj^ ^ «^L Z? J] C Jl B Jl A ±, SjiLUl ilj_*u Uj**j 

u L*jJ Lylj jul*i Jj— < JJLi^J 5^11 *+i^JI ^Ji J ^j . i)' j C" 

: i>j> . o Jlkll i*j^ (L»J! 



v. 



V 



lj 15-20 JiiJ^ o^ ojljJi iiiy 







L*p dJl Ijji I jLui LW .jj Uljll ^i LJipLmJI L*jl! iSj_*£ij 

(1^. ^Jill lu^Jl ulLJl ^ ukUl tia ^j , 15-21 jS&lf 'duJli 'U'j/M 
JSil] ^ B ^iiJiS "ikg jL \j> j3y ib HiU Cj; vf-3 ^j ( 3+)J^i i>^ 
u:^ ijfiLj lfj~*i iJ>H\ Jt <o* *^l J^L> j!/l*l i^jJ 4J^j . 15-21 

-fi7I- 



( o^jJi ) jiic jjjliJl J^ill 



jj.4 _l±J iL&r L+ 



■15-30 lS^ 




>- 



/ //A 



A U I 

(I) 



\ 



\ 



^fiijiU. 




■15-21 JU 



:lG-32 JW 



\ 






fed 




L»jll Sjui jji wJjJIj i^Jydl oIj^jLjJI Ljipj i <J >jJa-fu i^J £1 l^ii 
Luj-Jl jyj olyUiIl ^IjJj .ii£ <j*L> i>jj IAfJ-1 ^»4lil li* (jjljj . iuJ-all 
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( 0*jjl ) jZjJ. ^UJI J*skJl 



J_J IfJiii] L^yJi LjAjJI l»jj! «Uj a»j 1) ij> i LsA*i* oUlij^l JU 

. (Mach number) j>W jmIU e, /■» ciwJi lc^ 

Mach number = — = -^—< 
v sin G 

. cijhfl]l Uj*. uui l^P^w c<JiS lj| Machii Ujji hj^ dj*5 tjiltJl tjl Jfiy 
. tijKtfJt jJ UjJi 4jJU L?Lj> ; UJ^i Jil i«*JI h?ft 15-22 Jiill Ji*y li* 

Lrilj (^LiL Lyij Maul] 8 liuiS IE — li i'j*^ LuLtijfl ilt ^1 i'Jj -JJlSjj Jd 



juuj ji^i 



: jU lyli ^£ o' v^i lM' &* ^' 4j i^ 1 

. Lji-JI O-gil ( _») . fltJJl ( J ) t L>jJl * j;^- 11 (_^) i iiLijJl (wi) . lijjJI ijflll { 1 ) Jbrfj . 1 

v ^fuJl tH_pJl ijJli ( ii ) t Jj^-di (1 ) i uAll t5jlj* { t ) ( ojdl *Jw ( j ) t ^jjSJi 1*^1 ( j ) 

, Ot^Jl Liiji ( a ) t j^J^JU j^LjJ 1 J-»IJ^I ( J ) . j**-^ 1 ty *^,H'j ^j^*- 1 ^ 1 **' ^.H' ( & ) 
i_ > Jl ( J ) ' J-^J J ^Lb ('.#)'( 4-yt>ijJl oLiJuJIi oLiJIuJI ( ^ ) t CjLjluAll Jjjjj oUj-afl ( j ) 

. ^>Ui jj*JI ( js ) i Luj^Ji 
. ih||| ji i^Jl Jisii J ^ *J 1% Lh^JI t*jll j* L »ji . 2 
±J* Ul&il oljUJI J oj^JI foj* o^*- 20 Q C j n ^jj jj# tijfjl .i ^yJI <£jJ <^ju!I "U^ 1 j^J - 3 

, dJuuu S J j> tiL* jj 
liLJl J lilji' JiiLi jiiu ^ ■ i -;' 11 LlJvdil **i J Jdti)' i_jL> . 4 
Ji^ijJl; CJ^iJl Jji^fl Jj* 5 ^ ■ JiWjJV ( °J^' lijJ^ ) UJmsII j^-i+ JJ W_j* jit JiJ JsiyLt kUj«sJ| lii Jyao - 5 

. l=/j-J| iiil jl 

Jij— ujJL ij-ill \$y—>\. l^SslI M*Ji j-^j . jjjjJI j-s *-HjS *j jWI !jyl\ <f UoLj'i ^jL" ,Jsjk>j J£i ^ . 6 

, jjjXll jj ui!^; UUj ^^-aJl 4j*f j* L »j^ . 7 

ji yJ^Jl ;i ■jjL^ 1 J->Ijj!I jl* J_j-a*U jjLJl ji ijilliu Li+JiJj i*Jlj JJpJ) Jk}^** u^jk ^>* J^J - 8 

. lu LifiU JvhojJI 
. iJjw^ Oilj- 1 ^ ^ Jj / CW tifi ^^ tiiLfill »jjU* .laiu-1 . 9 

, ojjJI j>L> jiji>l ijjj Uii IjUj i^j^l <>jl! Jjp uj$ tj"- 12 
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( &yi\ ) ji* ^UJ! >i)l 



^>ia 



: ^UjLI jjjL*j &fyyj 

{ jjuJI i3jL>E k«jil ) v = 1 JYJp 

(rtJIjJ^JjijiuH^Uii-jil) u = ^B7p 

■17 = o~ 

. tijlj* i^jJj ji*J> Py ^ 7 "Cj, /C t , (j4jl^jJJI y*ijlj>Jl Cw ^" J^ - 1 
. ttM ol^JL T ty Jj. JSI ottfj? ^ M p jrt, J u^ ^ 6*j < SI di*jll ^ y fl -8314 J/kmoLK, 2 
JiJ 0.61 m/e Jjjuu JJLij U C L* jj *i » s 331 m/s jA o^JI Zc^ . * JjfJ *JU J M - 2fl.fi kg/kituiK . 3 
■ , ^jLJI djIjaJI ol^jj jj 'Ufjj 

fjdJl = W/m* 

; j^aII j£ J-itJl jVj* ,m l^_& U-^ jkii jjjli ^ liutjiil liijjJl JjJ. L_i_iiu 

4nr 
, / ixill Lf^j ^U: _il1 ikill jbj r t jjjuJJ <^I£J! JjJaJI tj> P ^> 

. (dB) = 10 log (///(j) *A JjJ-wjJb ( Cj-Jl tSy-H ji ) Slill i^JkU 
. ) -tlisJl ^ Jj jlj uu jL*Jk« * ij-iJI <i)*-* » jl * ij-nJl Jjl^u » . 1 

lj-!ii\ [jy—u ^Li -U j_La!i ^iiib LijLlfiL "uU \mJ]\ oi» i>pj , i ■ ID -12 W/m- Jug? mJI ,jjjm **; - 2 

, /■' j / JJjlfl ,jiUa»i &£y ChjJ-** i> i^i^j" V^'j 3 ^ **J^I <Ll>JI Ifjll Uj J ^jJJ Oljiij ^ oLijiJl 
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{ CljUji) ) Jus- j-JwLJJi ^¥»*)l 



: lu"]'! kiiljjyllj i-f>_jll JljLsf Li Z: JjL JIjA J_JA* i ( jj,'jjl ) OjIlriJl C.''L>jll liiVj 

: ^1 JjiJl L* j-jSLllj iJjt xA tifi jliil jll^JI jy«JI ill* pi- 1 



1 «» 










^JjkJl r j& ji'j+J' JyJl Ul* ^i . 2 




'* 2L 




. ui>u pj-^J J -if ji 1 ^u-> 




:M3li 



. jjj3 jArflj ^ J> jj^l "JL* J& ^ i JLiLlJl LiJIjUt (j*-3 s* 1 ij^UJi bi5 y. 1 

oI^JUaH jLi |j_JLJ oJ JsJl i> yh Itv^ii Ul . Lid LdjiJI liLidljjJI L* j>s! Jjkll jit 4lLJlj OfdLil 

, >^l Jl <*L1^ L*j>I ^h> Kj* LrfSj*** J*Wlj t/H J^ 1 ft UUj ^J J V** ij>u " 

Ly_^ , j>^l ^ UisU-i iH# UL* JJLj . jJ-'Vi ,> Lajl>I JflLiJlj jwdl yj& UL£ ( H**ll J 1 ) ir^ 1 JJ J^ Jlj j!i 

: *bUJ UjJ fjinil jjj^ f jaLiil JJ/il 

J J VTU 

. jjUI ^1 J*j)I ** jK- Lm L^Jl sjLi^l jl^u . 1 

. &iibJi ^ jj if ;> jL*i ti, j v f &i Stf cJ L^j^i - ^ 





sin Q = ah! ii 

t' 




= Mach number ■ 

sin 
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( £)ul! ) Ji£ ^jjLiJi Jjtf/I 



>liu>jj 4iltii 



, T J>\ . Jul ^j£ ^ i*jj ^,li b^pL* dJ i jw fi&i ^ (»>ji+JI jti u^ai-t j-iw-y U.ii* - 3 

, uL J,** jjsjJ u i^jiL ojjIj J ^jU* jbui J* oUaH > Uj**m y& ( ^>* ) J'^l °J^* J** l& - 5 
-j.il . jljj^l IjlL/u l^i, l£> Ifr Li*u: ^L*aJ1 > ^jjiJU L^ J-lj* Jv M tUSi S/U w* j^ U**»j 
ij^l Lp^jj Ljyj Jfi. Jp -j|| J^lyJl /jlj i jJ3U ^.jA I- 1 -*! ^J J^ ^ 
. -pi ? L**?*j IJ* ujij &i ijSjj J* . '&** uii ^t ciL ip u-IS pjuo ^ku; ij\ JO* (/Ji« 6 
ajut ^jjj JJ4J . JUJ15 i-MJu* LuJi Lfj^i o'j t J** ^ j^ iM 'kr^ JI °^' i> ^r 1 u*j^- 7 

uL* Itf ^ o^ tfjA W*>1 6^^ &W $ ^J £J ■ J*/* 1 tf*- P* Mj* ^ <> oM 

Jj lj- -s. j LLWI IjJjjiS J-uy j^Jj JjMj tUi »^ 6 i» J 1 ^ J Mt) Acmajti tffii £b olj jU*Jl 

. IjaU jj* iiJJi UU ^ 15 tm LjJjL jLl>l <^ i^jll ^Ijj^I ji - 9 
. jj-iil jjO <*1»jI jiJ*ii Jj; Lji «jj wjj »lili oUL^^il ut$ ^i ^^ jj-a* j* 1000 Hz wjjl ^j^ iA*u _ 10 

? jjtLiii jvi^i j* jj*Ji o^jj ^yi JjJij «j-ji_> jjjiji jui^ j^5 

^£1_J| J-jjj ^_lJ^ jl LJu^- U<jU-*JI £-y? " jl*J»Jl J«^ iLuLw J_jjjj , j^yJ jL+a; jiLiu jljW- 11 

dtUI h^ i^*j jlf^JI li* ch^I jtfUl ^j jAi! , ^jJl JJ ^1,1} j^\ jL^J* jA 6^J>*>ll 

. djj Sj4 o^ji j! ^i J s ^Jb ^ij i ^i JjUij s-i jU^ r$ ] ^^ ^^ «j tf ^^' 

. ^LykJl «a#J yidjJtl ylf-Vl r^l . * o^ ^i J# J^*J i^ jSLfJl J— jil iL> jl>l 

Up 



( Jj j^ J^ j«i pi Li 343 ni/u tl^Jl ji ojJI S«jm yt j^l ) 

15-3 pill 

a,jli ju*i o&^ J uijsii ? j_wJi ^» ^ ijl J* . 5j#!| o^i ±h & 5 - 5 s ^ ^*j ^^'^r- 1 

. o^JI b^ o* IjjSS jjiSi ( 3x 10 8 m/B } *^JI u>- ^ Jjj : JjeLiil JJ J^ yJI u^ ^jjl 

, 1 aJLji J djj U5 H*Jl ^ JJ *^*j lUf* ojjJI ifj** J jjui^l V 630 m j^'i^ Jj* 5* ofUI! j*j 
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( £ij*aJI ) jfe jrirtljjl JyiiJI 



^jj/U L«JL Jjj J; 5 * _p_gj| ^ iuuJJI o*jU ^1 JjJJl ^ L , 530 Hz djJ mj» jW jJj jl^.3 

, UffiQHi,; 18Q-H* 

UM 'L^ <^>^j 57 kHz oj J ^ jy jjy ji o^ JLjL ^1 ^j i^l *&iy ^IbJI jjjJ . 4 
UJ Uj L 1,33 mm ^LiiJl ^ du^l o^ ^1 J^yi gtf Ity ? jblill ^1 J^ktl y U , *\tfH\ it 

V tUi_J[ lit jj J 

. 29 ii^J W*JI SJiSJl J jjtf . -20 D C j C C ^j ^ ti^l J n^II k r ^LaJ (15-4) ^Ull f jiOJ . 6 

, jjlll :jj ^ ij-Jl &j* o-l*^ jji^lj ILujjJI iij^ll JjU* 4j,J »jidJ . 7 

. 15-1 JjJuJb c-UmII ^Utjlj fij^lvl uUS .Lii-l( i^ul^U 4^*31 Ljjll JiLu yu»l. 8 

ttj^l Jjb* w^>l . 1.85 gfcm a Jfp ^1 «U5j t 1 MHz * Wj i ^ Ujic 3455 m/s p&JI ^ o^l Up . 9 

. 21 C C jj 2(TC j, 1 S C pAf C& l>jj oyO Uj l|^J| j *yU U r J .sfti jjiuli ^ L. 10 
Jj . i— £*1LI iU-^l J^_l, ^ Ji_«i JJ (Ul ^-J Lujj oL*y JuJil jj«3 ^ J jUil( jLuj i-ji- 11 
jj 'Ul iji^* L>jj ojlij s ij^Lu ^iJI imJ S.fif) in j*£ jk jJL^I ^ jykj j^j jt^i lit J&tfi 
5 iLJi\ *^i ^ L^li^i j* L^JUl-Ij <^l ^1 JLjj ^ jUf ipjll j* U ( I ) , 20'C ikhlll Jfc 
.jJp ! ja Li , ytill LaJi jLjl Jj LiJl L»yi LiJl jLf*JI Jjijw ^l y^ iJUl jL^jI ^ j£] (y) 
JL ^1 oLaJI JLjI jjj3 2iji ji i_jc>>! J* ? jitll uUtll Ija Jji' ^,1 ji> ciL«ill Ljj Jjjj ji jUi JJjJ 

p iUj 6* J5l jLusf jk ^L i^Lj J^ ij ij| 
^ jL*UI ^ILjL j^tjL JLaJI & 4jji LlIjj , jyo^Jf iUf i?> Jk jJ*iU *-W c*!3 dbljiflj c^i o^ij , 12 » 
liJLJ L^iUy j_ui fjLij JJiju ji Jle USiliil utf j^j>JI ^uJa}^ ie l^Jji d%u oh^j . Ui« t^ jjU 
lJ -1* . Lf-3jLi[ ^p 2,56 g j-i ffj+JI ^ y^jkil Ljj m^ illil cJi>^ c LfLil^ Jfflj Ciilj lj^I ^k «jUl 

15-5 j 15-4 ^Udill 
^m Uf-U J5 j_* oj^tJl p-^ (j^U^ ^ *U3uJ I li» Jil^j , 715 W ojji Ji**j 4JHJI _jjj!j1 »LL '^f- ■; 13 
J_J j^b i^i iii ^ u , 0.065 W jL^a. J^ ^ UjLiJi ^^sJl jjjill oJll Ijjj . 50 cm* Uji UL 

L>lill j'L> l_*Ajjj UUyi rjW 1 Jj ^uulj ■iijJf ji ^j**'» ' ' r >2 cm E t^>L-u L^jIj oi ij ^ jL^m - 14 
1: cij* <ii* J# ^Jdl JjJii! jIjuu td 1 4.35 X 10"* W/m* bo*Jl ^ o^JI Sii oJlS l\L) , l^JS 

^ JjLyjjJL tiiJI jjjLy ^ l , 4.25 x 10 6 W/m 2 L^jjul 4^^ l»j> . 15 ■ 

S 0.55 W/m 2 OjJ c-jJ J^vjJ^ *jJJ^ ^>^ 3jJ I* . 16 • 

jlf^j j* ujill^ 33 dli ojnsJl o j*^* j^ 'j| (v) *' ^j-aJ' 'jj SjJ ^a L ■ M (IB Cxi ^*1j* ou ( I ) - 17 ■ 

^U Ji J jlf>JI 6* WjWi ^J-aN <5UJI x^ ^ Ui ; 90 cm* C>L* 
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( cjjjJS ) jta ^UJl J«aiJi 



. 56 dB L-^jiII L^joi ^^ l^ ^LijJ iji> jj^ gj*ij yy ^j LslSJi ^i\ J* ^ljj] g^g J^ _ 18 ■ 

v (|_Bko!l "U»i ^j^AJ iJusu 

. foJS&& jjJJi yJL |JSj« yLJI ♦fjjt ,> }tf J ^1 J 57 dB Ji i+j ijJl jjjLy. 

Cm 5,2 Jw j^ 3.5 X 10 3 W/m' mJJI mil* til* . ^UUj^ll «4> y ,Utfl< ^ ^ ^ £ ^ ; *>w 20 « 

f 2G dB <J ijpJI ^^1-n ^|£, ^ o^aJl ijrf ^ lj . 21 ■ 

V 88 dB L^jj Sjt4Jl ^^u, Uji ^ oj^Jl Sii j^i _ 22 ■ 

oj-iJJ lfi ii« ^J ^ic 5_i}*)l sLt oJaL- , 105 dB lf±L iSy**} 2.75 cm 2 Lfj*U* b>L* i*y lij* - 23 ■ 

J 1 mia (jjj $*j ^ ^1J| j| 3J3HU iiUJi J&, L . UUj 4^» oju,li 
? oj^Jl li^J <±L^| djJI ^a Lj . JLii Uu JJ Oii ^jljj JUil 6 JJ ^ ^j-* >jJ (jtLu jij . 24 ■■ 

? iULu JJJl cjjaU j41l lit jijfl J,bu ^ L, , 35ffl 4y-5 J*'jm ^ 3^1 f |fci y j3j- jii- 25 

^ >* U . 8G dB 4j1 j*^ 45 m j*. ^k j^p ^l^u ^^ jid , ^ i^l 0j Jl tii jyL* ^ _ 20 ■ 

f jiill fi^J J&\ ijjjji 

15-9 j 15-8 jt*^)! 
jjfj 0-« ^Li I jl* , 15-1 , J£i)^ ^ jft LS tl^JL i^j jjjlj JU Jj. hyk h^\ J jih* jL**, Mj - 27 
. ( J&kll lis ^ ^,jll ^U» gt^'^l } « by iy> ^} ji t^ cJjfj^ Z% ji-l ^» Ui i 1.35 m ijiljjl 




1—15 ^ jSi 



k^*4 JjJ* j_ft L* . ^1 iljj^l JJ uli)l 66, 132, IBS, 2G4Hz jl^Jl oIjj^ jic L^j l)lji»| o^Si 

. JiiJL jja* 3* U* I_^5 jiJ jLpJI J ^jil ? ijJIjJI 
ij.Jl OA if^' * "^ ^ U . 3400 Hz djjS jjjL IjlLl* l^j^l 15-2 ^ JliJL j!%H jljLf>Ji j^ . 29 

i 



^^EW^ 



i-J 



t 



15-2 f Jil 
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( CyJI ) jiit- ipid&ll JmmJI 



, L - x > j^l L = 27.5 on %» * jjjill ^ I jlk* ij.lji»i 15-2 ^ J£iJl/ oU-^li ^lUUll ^L+^JI JS+j - SO ■ 
Jjl ( l ) P UmjJ! ii* jJiLL ij—^ jjjJ j I jj . 15 Hz ^ tlj^l ^ky OijW^^ 1 j« *^^ ! ot*jll jjy j^j 

i = 4.6 tn iLiJi j> jfc.'Jl «^j . x 9 Q M jit Lfjji *iy i _^| U jj-I <l*I^ ob*^ 6b 1 *** - 31 " 
J-*iyi k*Ji Lift.*! J* JaUf ji jii l 42 cm j»jll UfJjt. SjjLLLi Lj^. oU^ $L^ ^Ijl^Jl ^15 1 jji 

* ojj i_i*jl JLi£* J^jj r = 4.fi m JJ j = ,> 
jas^j ji UL IJLi . wjill ^^ o*hj^ OrfjJ**^ il^^f*^ 1 J'-^ 1 ft 31 *Hjl j* ^j &Wt£ 1%* Lj^il . 32 ■■ 

? a = 1.6 m <Lbll i* lluu ij-Jl «_u ciljjjii ^i jij l lJ Jj=S i I jl ^jili ^> j4_jXli 
^l ^j Ua4*i ^ ( (jaJ^ j-tj±*4 Utjlfifi £im A^ ) ta ^j*" iajW*' 1M * JiiJi Ji*j - 33 ■■ 

^ oLJI i j . nTu Uaiij &S Uj4i *il— * Mv J ill ,V = vijll jit J^ IjJiL^ ^i utfjiJj [ cf UjJJ OLo 

^jl JL jjiLill jl lUj*j . 820 Hz Lpt JS jjp ^UiL &y> oli**. ^jL^JI ji dJj^^il , ^jW 
i$i jjLiIi Ij_j , lii ^Lj ^^dl *+-^ <Jj" iili uJ;l+*Jl lh J5 i> jwjJI ^tu ^ sij is'ii\y = ajjII 

-* 31 -* &i >^ **i { 1 ) . j EiI1 ^i ^ i*J *h* J»l J! J*" »*ifl ci" ^y ^ iH 1 ** ai - 1 ^ <*>" j* 

. 15-3 |. JiiJl J 6 i^jM j^jI ( v ) , i = 1.0 m j fl = 2.0 m 

iO 

15-s f jia 




.1 niin 



\*tiy o^ ^jj> Ji>yi jJ4 i_»jU ,jU£J J^lill jjjJI iLuUj *j}'\ jbjf i*l ^j SjjLoJI i»*AJI ^,US Jjb fyl| . 34 

J >Sl ^1 1^ ^, _^i *44l oIjj^i ^ U» s 275 Hz j^yi j>i jjj3 jlS lijj , L'3 Hz 
*_h^i jljjjii j jji v . 32U.4 Ek J^( il^i jljifll ^ />U^ t i^jll Jl^ll Jt Ljjil i+iJ! ^ y^ Wl J^ . 3S 

V ijjWJl ^U j^ 0^1 jjjj j* L . S21.1 Hz 

15-10 p-aJI 
J£i |hjI J 1^1 )4A Ujup ^jj cjIjjjJ iilU Jii ^ L , 76.4 cm l^Jjt -yiL jJ^T, jli* JjL a»U ^1 - 36 

. kjijiJl i*^ 1+iiJj iliLu ^S WJl^ J>JI jj£ . jjjj JU v^ 1 J> lj ^-y 1 
, jjjj Jil h^\ >Ij ^1 Jii pi . 90.5'cm i+Jjt OdijJaJ! l*yii L^S Lljj oijjjS ^ ^i ^ U . 37 

, jUj l^ji^ i>l <1^1m o^i! j ii_JL JjJl ji 
jjji *jj 4jjA»j 3155 cm L;^^ J «lii ftoji ^ Ljjp ^jJl ijj> 1>_j] 15-14 J£jJV ^tf *0*3 ^ - 38 

, liUjJl i^iJ! jjj? i*ji i (^^j^ i«j* u>^ O^j J' iii;, Sl f' ■■it* . 40.65 cm LfJ t-Ul eliiji gg$ Ujit 
t*jjJ J_^jJl IJ_» jjI I^LuJ I^j . jjjjJI ^ ijj^L, JLyil^L h J Ju J *\1\ Jiw j+£ ^ ^i J^j ^ . 3S 

? Sjj-Ql U^i Jl iiJL till r^ & &* j\ J*s . 81 IIz J^jil <«rt. ^j jj_p Jii itS lj|j . ji^l 
L f jiilJ ifiujll liljJjjJI ^ U . 2630 m Jl^* ^jjj^ ii|J*j jj-u* ^ o*j ^ jJJl jJ_j£J ^ J^L *!*» . 40 
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{ oyJI ) ji* ^UJI >*!1 



^juJijII jjjlll y L, ( i ) . 747 Hz * 531 Hz j 415 Ha !u$i UUll ^Ijj^I ^ &£, lji)**l *yi ^ _ 41 " 

jUu 550 Hz 'I>(-JI j-i ^J\ Lajj^ ij^)i ^j^U lilj . 1270 m/s Jlj* ^^ju+JI ^ o^all uy . 42 ■ 

UJLt j_>>l yj^i 4?j3j : 18°C l+Jjf^*- 4j*-jJ ijjSj UjaP 630 Hz »ji l^ul Ijjp SJ^jm yCjl ij^ji jj-si- 43 ■ 

v . Uj jjIujju^I Jj*J L*iU 4£}*Ji oLj^l jjjj ja Ij . 27 ( 'C Ujji fjl^ l*jj ^ o^*— C* *sj* 
jtiJ Ijjt ^j faliyZHl jj*j tiui^j . 67 cm UfJjLj j-jlij jil_j JIaj iJjit L^L J£J ^liL*Lli olijJ . 44 ■ 

15-11 *ri«Jl 

j^iy Liii£ 4_IaJ j_j ULH -9 !"> jIjjuj _bl Ujiij jjjj jjjl; li^py JjiL>J ijl^v JJ^>jj y' v^ ^j-* (jL> - 4-5 
Jjl Ltyii ju* 4a*^ ^jJl ^j*all jjjj jjSj j£l iLi SmIus SjLJl Jj>U jl sj^j Itj^ ^Uj S' WL ijLJl 

V a_jl_i_Jl ^i£j lis UaJ i,u OlJl i ■") jIjuj 
jUl oi_jJI jjjJ j_i Ij . 2040 Hz Lftjjj! 4^ti l**jj r jju j*j 21.3 m/s UjIjL iUj^ Jj^ lj*Ut jjk; jilt „ 46 

, LS*C id /h 'U^j 1 ljU* 5_>-jj i^jtb' IJj 4jluj 
^jjj| tjj_ia f-LiJl t j^-J^ t—M-^^Jl oL_%0^ i /' b>jjjj obj-^j J-mjj c»y lj>)'l jijj J m^ j^jm* jJw^ 1 - 47 ■■ 
jjji L^wJl L>jJJ jjfjll JjJ=Jij jjjiJl i>jl ( i ) . Ciyi x jj*iJ v^l 'LjjJ^ 1 gJ A7,5 m/e U,IA ifij-u 

, X j3>jU uJUl ^"Jl jjj <?jJ\ j-ijij t^I! ij^ 
ie L^bjiL. m> ijj^i i*j^f (/^*Juj ■■ 12-5 m/s IajIJj iij-j -kuL* o* 440 Hz sjjji j>f* j±a> yj^ * 4S " 
¥ iiLill L^vl^ Li' LiJi L»yi WjS'jji U , ; Ul » dpoi iili Jl J^I) Jl^JI Jj Libs! I 
j^jjl uJ* JLilj sJLjij sU Uj«* <L?J 770 He Jj 850 Hi & JL^j IJw f£}\ IjLa £>$* Ujj ^i^Ju _ 49 ■■ 
V J W]!l tjU-i Jj»jj oJlf hj* jl . I0*G iiii *LfJl »jlj> i>jJ oilij k c^LiJl 

Li i 32 ni/a ikksJI (> jijlLSli j>i ^Ijil b^ <\|j t 550 Hz j^liwJl ^yu i> iwjull o^all Jjy jl i^i*Lt iiji 
V 4.4 Hz iL*Jl jJ* j5L> jaIA* Lyu*+> : jl\ ^L^AJl jj^" ^i^ lj| j*i\ jLLifl **j_i ^ 

16-12 pJ)\ 

LUi jj ojjJi j>l* jijii-l ^jj jiaj , Mach 1.8 bjji Ujm^ bsk*» ^^j>^ <*L^ j^i Util SjiLt Jw . 51 ■ 

bj_j jl (jijlil . ijiLu LktJl )ia jlji OjiUJl jj^t ik>J j* ijltUl 8.1 E HjJ3 ,>j jj^* ^ g^j^l ^b 4luu 

V lyU j& ffi\ jl jb . 350 iii/a ^Jl ^j o^l 
xJuisJ i_jjj«flJl L*jil ji L\-»jJ jJj i 320 m/s 4jJb ojjJI ^^ ^*u *U?j1 jl* i^j-e j*s ^j-j 3jilb j^u . 52 

r L>i ^Ul j>JIj ijiUJl uj- ^a L . SjilLJi DbJ( ju 33.5" bjji ^ilj 
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(oyJi)^^#UJ!>SJ| 



L»jj ^y . Ljj[ ui o^Jl Ipj-i j^ui JUL, i tj&jj\ w y*^) ^jj^Ji j^Wf ^j SjioJi "4>jj ^ „ 53 ■ 
c^xft jj ^_ii luL, J ^p i km ^1 ^ 213 K ^- Uj, ; 20 km tj&jl Jj. ^ 218 K i,lj* 

J! cuflM l aI If^r- gjj 20 km *Uy ^ <yy 8700 m/s L>^ calj £*» ^1*11 tUill & ^j| JyjJI 
*«LJI 1+h-mJ jJI L^aJI L^JI Lyljj ji-Ul JJuJI uu-»l . 1km ojjJ ftojl Jj tfkaj &>J 4300 ni/h 

JJi li* jJmjj . 340K ^ ^1 ^ i^ ^lj j* *ijt j> ojS* 2.2 #m <J«UI dQSj 4.0m ^L .UL. 54 h 

^LnJj ^jjiil JLJI Ij* ^ ^(j j^j | ^Jj ^ | Jji; ^J, ^ ^^ |^^ 1^.^ y^ jjjJill 1,^0 o*; 
^ &jj\ (tyl» ^u-u j]jJ[ ^ jLJl l&jjJl^I J»j ^14)1 Jij^Vj . Ifcjjjl J>l jLL *f^*U JjIj ^li oli 

jjy lui Uj lij^i\ ij3 l#lj3 ljL , L#$J -jilll JjWl ^ 1.07 m tya j*j JL* ^l^JI tySy Lui* ty^l 

, 30 r, C 4iyJl ji f-lj^Jl 5jl^ hfjj q| j^il v o^sJl 

jjjj LijUjj JjLdl f l3 UijiJl dtflj , ,>jJl Jjr * ^-ilj! L^j t 23*C JfcJI IxLi y i^ljj^l ijljsJl 
i*jj ys L . biAriyi i^lill ^j 5 \>i±t. ^by uj 1320 Ha Ujjjj U-,LJ L*L ji^l li^i Uil^; ^ 

baLi cjtf Liu; , jf jjjjJI I^U* Itfjrf oU-y; y^L- ^jj^ j^ 15-4 r JiiJl ^j B j A jlM . 56 ■ 
pj L^jUf oLj^l jj^ ^1 jjaLjII J*fe*^ 100 km/h b^i Uj^ ii ,y ia*lpj A ,> L^ I+jLj i jji; 
, 23"C tl^^Jl ojl jV > i^jj ^| ^jL |>rjAi»II (> ^uulll o^l Jjy ijh^I , 20 Hz ^jLj ^ajdl j;^ J>ljj 



A l 7 =KJ()Lr]i.'li 
* ^ 






. ( hpj\ M ji^ *I^JI ijjli, J+il ) f jiJI lj» j»t L> 
? Jw^jJL LLIaji j^II i-j-iS J*l«* Ui Li , SOW jjjSjJI o*j 4Jji r>j 0.50mW j^ j^ijj Jij ^li lij- 58 1 
JrUl jp 205 Ih ojjjJ j^_i ^^ jj-a. ^ij , 45 cm l^Jjl yii, ^Ij jU* Jjt ^il J li* h^j i^J| . 5& ■■ 
jljlil jji ii>j j^j-aH ji-a*lJ i*^, ^i Atf . Uj_pvt iJh^\ J* Ljii^l ^k IjaIu J*i J >yiL ^jjil! 
, 0'C »i^JI ijlj* ^j i ^l V ^j)l I^J SjbLjJI ijBlyJI ^ U * o^ ^j 
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Ben Rabah 



-JUI t toll 







ji^jJjLlj 



tifcj jjjl JijJl jwLi Jj.i.h.nj . oLi*Atl ^ gjjl^« ^j£jj Jli* $1 jjjl 'I'i'ii ■ "Jj^ ii^ill jI_jJI Jj(L* <JjJ 

JUv. ^J L#£ ^J* >UJI iJ J l*> j# c***^ 1 6j*J! J^>- fl>ill jJjj ^l**]l 3*1 ij . oU*4J! ito o* J* 1 ^ 1 

. LllwM lf*0j£ >1^J ^J M i *J-aJ' ^/^ J**"J ] 7^ *^^! j ,l" l J^^** ■i^'L>J i> i-jL'IZC . AmAi'MI^S 

ji+iJl *Jh^! ctljjVlj 'jtf-V^' tl— ij (Jui-oJ J*ij jij » ^iiii* Jiij *$*jjl IjjU> iJjp- b^j>-l tli^j ija^J Cjjjit 

0*_»J' *jJ*j j^ 1, ^*-^' Ahn f >^'J l» j ' /^ c^^ 0^' > ^1*4" J* ^h^ImIIj Vj^' j^ ^^ ( ^ -^^ 
Jljll ,^ SjyJUf J3Lj Ll^l ji JJi^j t jftyJJl ^lj y^iJUJI ^ JiU ^JU ^i*J ^i Jj . ^L^Jl 

JtUj Uaia iU*^| sjm J ^ ja* i^Jwi ^m iiJ-Jj . p-pl>jf jU^^ ^ J^' 1 ^ lj " j* ^J ai* ijij (Jj Jj 
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tMjll 6-* u>* i" pWl jj-*i 1*4* jf*" i> ^1 <^ 

y-J^ ajj . , sip j> Jljj "i' 'Lj^SJl .lj*lJ ^ii LaJs 

b-& pJa l*^U o^l Lijasl jJJ* ijl^l 3j^_* "Jfj 
j^ isjljjlkdlj ^SIjJI olfjJuJl iJLs'i . ills biy*u 

•Lj/f^J «-«lJl jLtjUjI IjJt yjwy} . oTfl ^j ^ji>JL*j Li 







ijj^t ii*iJ! ^ 16-1 



*-SL ^ ^Ul &Ljffll Jl ^i^: LijliJl tl^Vl o'j ^J*J al 6 s * ty^ 
ij^i dJJ ^ L ( * Li's' I * Ijy^i * yjtaJI j« J^Li j.i5 ^i jii l >*L5Jl ^ill 

^LiiJ <i j*j jjuuti J Jul i jjliilj yJ*LJJ jSjj )l ^>ljjjj I [51 'UUJl vi£l jsj 

ijy?«j - *-ifi*j ijL>_j J->'j j-UJ LJ j 5 jILL ii=^l jj j oJl) iL*fJH\ ,y±j tfl£l 












( ^j4JI ^Mj J>UI ) y^ ^jUI j^I 



^jJJ a^L^I liliLi^l jU>l p j^iOl ^21 f^jj^i mUI ^1 Ll#i 
j-lji o>^> . r - ^ i|5*i^jfl jJLJI ^U 1871 >U ^j . ijiU ^b^Dl 

^Jlj fketl jJ i^flLHI I^tyti af^Jl hy Jujaj ^s 1011 .1* ^j L^l £j$J&\ 

^ yj*L-.j ^LiJL. f Uj ^^Sl |JUI i-& 1917 j 190& ^ Li c^i 

JLli^l Jj lu« JZ£ ^U ij^l U*JI ^ Uflb j* bp $ Uij 

^MJjj^^ljJJI 16-2 




, iLi^l L^Ji l i_JJaj iLfcJJl <jJU oL>** lfJj> jji; ii*Ail L* jM IIA^ 
*L^I &y, ,> jSJ; JUj , 16-1 Jiill y ^1 ijjj ^V I J* Hty 
L+Lw ojL*+ 5iy)Lj -U^-jll Li*iJI Lu£ 0| j_uuj ( IIjj^-S 1 IUjLl* oljiJi ji 
t £^SII tp UL» J>j . ||pj| j^> dJj^l LfJi*] jjil U£ll LIUl Il*iJJ 

. UJ jib^l y^jSlI plii-O^ U yj£L,j f j[s J^ Jf Sjifl IjL^j! LiiLlil 
p_j-^Hj ' Cjjf-^ JjL^ - LiU; ^£. fi ji . LLjL U5 6jiJUJ jjL^y u ^^ 

, ( J iA lb jjii jt ^ 5j ^ ^!* ^U^ f' ^"^ ^^ *l>* V - ^U>J i!ja^_j IJL . lirjjill Jilj 

_ iL_i«4 tijjjj o>; _ tjjjf ^ (jjjjiijj pjjUi j^i»yi ju l-jjwJi ^ ^j 

jj ( ^AJ\ itlklJ ^ fjj _j*j ) ojJ_jj)'t ^ 1^3 /,! jjj j Jlill Jj^ jjjjjij 
, ( jujIjaJI *Ljjj5 JjLw -JJI oIjljJUI _J j j f »jjll Ia* jlf jN . , li* 



5S6 



( ifljfiH alMtj jjill ) jto ^U J^iJI 



J] JJfy iaL4j$P$ jtitt 6* Cmj $ &*<* •*** l* 1 ^ ^J ■ ■ **"- 

. 1Q-2 J5-iJl £>y. U* £jWl 



(18-2 #4 




U4U 




« 



,USl( ¥ ) 



jj(l) 



^L-iUjJ &tl\ CjijJ ^ jjLti oUjj^l fijl I *Jjli ^J" 5jS' foJJl kJ*J* 



jlUlj . oLxJi J»rf JJ jJiSl u*yHj lf% J<p i> j^ J^* 1 tf '& 
j_j L^jll Ua^Jij UUI fcxltl Jji/d) £&* IflittJ pJ (Si ^^J j^ 1 

. QjjjSSl^ll jj**j j-Aill j/j u 1 

ob^JI ^ fcMSJI jjill 16-3 



, Luj*» LiJw SLIsjL) L-iUD 4ii*i oljS o- *Si2l [Jjil] jA*ij ^*«y £*j ji 

fra . ch^ 1 J' p^l b* ^^ ^ ^ l * 1 ^ oljSil ^ ^ ^ 
1G-3 JliJl Lf*^jj ■. *iui vjl^i jyji 'Ij^i 0^ ***"• H^ w* ^'j^ 1 *^ 

: JL Li LfU ;■ "" ■ " H i l»1 iijSijj 

, jllJL gtiM J<tf Jtfj ^Jl U^i*J i> j 1 /^" 

4_i*ji! aUxill jl j-1^ i l>^I s tH*« >^ Lil1 ^ 1 ^ l ^>^ 1 V iL ^ 2 

. ^JL ^Ij *jJU1 ^UiJI v lSi 

^:l*ji " P y p ^jjO« 6*^ to W' ^^^ ¥' J |J " ^ L ^ b 3 

. ( Lfc jUi3 j^l ^!>J' ^ jip Tf ^f*^ l ^ J& $ 
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( 'Lu^hA^ ^Vl^tJIj Jj*I1 ) jZ>£ ojJLiJI J^aiJl 





















a SBfe^-' '' 






^ir ^^Hw* 






&i 


f J i U.t. i JU jj_4 4^ i^Lii '""■ 




jf]-~$k 


^—kj^iij].^^;^^^^ 


•"*■' "Sk n 


m. \ ^k 


Ljjuj j* CLa^A i A* jJULj . . iJiLJl 






J_ivu jyiiiij AjJU /u Jim Lw jot^l 




IA 1 ^ & J/ ^1 


- ^ 




lj "%r 



U . ^j^ jib ( i ) „i (pp 

j pidl 1 j -*■ , J|| Ji.tU .1 1 . r J U .^ 




M 













OUjUjJjtjidl 1&4 



i> ojiL. L#J5 oljjjij . . oljj ,> <Jj& LfJ£ jljll oj-^ Ch ^y 1 ^ 
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( 4^j4^l oVbjJlj Jijifl ) jiit ^jLJI J*»|l 



■i wjJUiJl jjjU o^J A^pJl it ijjli <yj£j jJ JjLJl dL'j oLj ^yt oLi ,l£Jl 
Jj.* oU*J jjJ* £jM jl i LiU Jlli* ili-n L^ii iujf^Jl o}L*jll Ul 

j j-jijjj 4^ Jt* SljjJl j£ Uluu)^ OujjlSJll jl J I jJj>A« jiC- J I ) 1 j .ii k i iljUli 

LpLsu LLL> jJiJl J}L> LfpJI j-ie ijjls ull J jw ^a J . 5jjJl jje *iyi^ 
i^Lu lj-j*jJ LjJJL jjjJ l IJ^-Jj . jLEUlll 1 uiit ji jil Jl *iu ^* 4jJUl 

LirUjjliS^ I ^*V JM jitilj L-iJL^il jl* ( ( Lj|_Jj ftl/^JJ ) ^ ijtlJ (> 4i>JjJI 

ut_*fll V^M MO^ 1 J^i ■ j^*" lH *-*^ j"^ 1 J- ^^ 3^' ^* lj IW 

JJLjmJI Jii_ aljii ^ jjSSi i jj^jJ' <,&%$£) I o^jJi y oljliJI li-Jj 

4^^ ijj*J LSj*Jl jJLc SjjLJ ( Ll«j-ij ok i ) oUvl jl* djjSflJ-. *i*Ji^' 

, Lj j jj p_i* iL»i u yiL>S jl JLJi; Liif ijjui 




( ^^sii jbiii ) uji-jj^jyi 16-6 







^L^jJi j^ JuillJ j>j>jL^ iJsu-^j tljl jj ( 16-4 JXiJl ) uJji-ijjjilVI 



jj.^ jiJI iu»^l ijUiJ J jljp j l+L*iJ 
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( 'iuj^l u^bjlj jjiil ) jit jjjLijI JjuJI 



JliAjf JjLs J'jLi. $i iBJ) 4|SiM li£ J* I J l oAill jjGj |^| |jlity„Mj LjWJ 

,*-Jj 4_ijj ^ijj jJE* rU-jJ'j i-4^ 1 4-* J j-^J ■ W*" !■**& (> y#*W 
l^Lilll ljUaJJI ^Jli' LI; . jJ_;>ji Lu^ L^Jijii fji; Luiifl ^iLjJlj y*-MHj 

,jl IJJ ^£ Uliy , 4^u*jI1 tuLiijyij y-uiilij IjJlIi .^Ji Jiii* J^Aj Lf-iij fjy 

, ( i ) 16-5 JiiJi J »w_jJ gfrjll oliiJS . Ufik 
J! aJIjlD I^jjJI FjJJi Jj-Ij <jJLJf oU^JJi (> lj^ up (V) 16-5 JiiJl 

jj yjiUijjiS)']!! jjl jJ Oiaju jA*j If— ilA* tlj»j jl dLil juSj jl ^1 iulij 



:16 -6 Jtt 





■ 



(t) 



ct>Jljj Jj^^L j>iJl 16-6 



r ^ ' . 

ii»L*>*iJ' ijiv JjjOj JUaj^li iiij*j LjuU« , jjLJI twill jj j^ J U^ tj^iil 
jfcw 1.6-2 Jiill Lp-ljj jlil 4aL*Jl siij . ijfll _p^ -^ii (> iflllJH iiUI 
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( l*^ £ftk*Jj ^ ) & jtfW >M1 



o^ji U IJJkj . o^l l^ iSj^ ^> V*^ 1 8* f 1 - 1 *^ 1 ^ ^ 

l^ U^ U&i j^J ^J ^M ^ ^ o*ll *W >< $ '^ 

^ ijfji ^l *j £l $ ^>i . ^"Jjii- Jwi W*« J^MP 
sl^ jiiy iU* o^ Q j ■ ■ ^ ^^ ' ^' **$ ^^ u 

^j Sjfll J* o* ^ ^*^ ! tf ( 'W 5*-^ iH* *^ ^ } •krf SB 

^ ^ , m z wj — |h >jii f$**i) ' (**> ) ^A^ 

jl -p^Ji ft- V u * oLi * JJI J^ J WJ ■ ( ^ ^ W* J*^ 1 *** 
.uuij i &% J-^l M J^i L. ijij . IMA ^ ^ *& $ ' utf" 

^ jUiJ 4J [JU ) . Ml Vrr C^ ^' ^ ' Ml ^ L ^ 
a^l ^ gl ik>^, J^^ lfi-6 j 16-2 c^l M *y* ^ ! jJ 

^ , iixaii ^ r ^u-j v*^ f |i3 ^^ ^^ J ^' 1 r^ r^ ° ! J ^ 



^0 



^i i_a.V iaXj i-^J** i>-S !>^ 

, iin^ ^J, L^ii JS jt.j 



! 



l^ 1-*- 1 




G 



I 



^U ¥ ) 



jjfi] 



jWjWgBfljb^ 16-7 



, iu ^ o;i£ ob ^ W » W ^J ti ^ f 15 1343 f "* ^ 
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iiu» 



( iy^ ctfU*J1j ^jfll ) jZ# j^jUI JjiJI 



t ( fl-u^j" ^i qjj ) jjjjl dlj JMj Ja^ x*Utj Uvi)l ii^jj Luim 0j5 jJ Ujiii 

ti^jUl Ljis 111 J*5U| U^i Ji ijLiLjjJl «.j3 Jj . . ^ J y^jj^^ll 

j-l*ljJl j!ju»JL; iJjxiH lyjuiil Dj£ll u^^u lit iS\ i \JJ\ jljljlj lu'i jji 
j-^l ^j ^i L^ ^jji^i ^ 0i LJ ! (_*) JAiil y US' , jljj] 

J_fe jJjJl ji jJu: Jj4 Vj v ( j ) J-SJJI ^J U5'6i^j*i' iikL yjt^jjSSty 

jJ* jjj'j jl oJ-vJ J l^JJj t j_>l jjlLji j£J] jj Dj£5l o> i Liii j b>*i 

oJjLp aJ jJJI jJ^IjII jlj—^it b'jill Lit ili jiu L Jij , LjajJI oGL^I 
J-sil yjSL-j^l ^ q| t^j . j^Ji _k- jk LsuliJl LL^I ll^l LiD 
jljljLi oj-J *J jJiUi jIjuJi SjSSI iii-^l Ujii LSj^o *i jJjJJ j*jL*J1 j1a*JL 

cOli ^1 iixiu iijUi <jjl» ii><i j^jWi o*kj i*j ^i d-jj j yji Ji 

, ij£ll J* J^l J 

: LJttfl pjlltltj rji" i/ ujL^lJi tJJl At till LuIajj 



+t 




fl) 






:lG-7 jm 




+ + 



■:vi 
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( i^rfiJi *^Mj ^ ) r* **AJ >in 



. »l*j]J ^li-Ul jki^ll ^ SjUTfl J UH**j Jill ji 
UStiH 4J*^JI jLj iUjSJ j1*IjII jM Oj*^ 1 ^1 f-* 1 ' ^ !*** 2 

Lj_Jj 4j)Ljui 4_JJ»«i jLJ I Jjl*U JjJW iUl Jj-l-i jj*i J-o> .*_ijj Ljjf 8 

jjljjj Lib >^j^' ^ JLJ J* Jj*j »**^ (J 1 jb JJWl iLkiJI Ji' jtLJ 4 

. 4J jjj ^ <XjviJJ (j£j^ J^u jl*** 
ijji J»-*j o^LjjII ^ 5i»j-!fjil 4_jjj#5JI oLjaJJU j_Ul; Up jJU* ba» 

*LiSl jJ Lm^I o)IL**ll t^j mJjS tijili ijaij ib Jiil Ji-u laj^-in 

, ie-13 ^ 16-9 
44*AJ! »Ui 10-8 






. Ui ^jU| ILi _s LU ijK*lj mjjjJI pi* cji*«»I JJj , fljJl ; J* l^U ji- 

( ^J5te ji } iljj L. lilj oU*JI jt IjJuSOSI j^ii 4 4jy^ O^Jkju JilJ ^ 

jjjiiJ^ ) tyjLij^ +£ J-1l>J jls-j^ i->vt Litf Jlibj . -M 4a>>^ Lw^i 
P^uJl (j^J ■ jii^i>J 1*4jj|JS j- w i ^ ' J i up ■ ■« J ^*^ Wr^ A* ( ^jll 
j Ljj^j J_£ jjj , JfiLJlil J-ui jl J-JJ Ijirf Jkij ( 'ji^s ijljtjJl j* Jj*^)' 

jj iixill J Ij* (> tJJlLJj . , IJ*— U*^ ^JJ ji Ji> If; ji*i iL*j o>^ 
liA ^ jjuwll J5Lj ^i*lj . IbiJl *Iaj jjil* y^u ^ j* li>j , j^ ^ Jji'l 

: j U by jAjI jUai Jtf jjJliyi 

^ Jjjl jjjjJ ji jLfrJ L^j pJ; b^Ull <>* &40 f-k j*** i f 'j-"" jl* 
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{ V^SJl ^Mj Jjft ) r# u*jUI J-*H 



. 0j| _i> _ Uuiyj >JL> (jJ p-PjJI jJ#j . (jl—alil oLitXyJI iULJ C-jj— jl>J' 

jl ^! i ( jJLcJI ^m JL^jJ IJiJI i_^Ul ^hJJi jj£ ;,i j£*l! > ) Ifj iu^Jl 



J J«5 J4Jll 



16-9 






^l^jJI gpLifl ( 1806 - 1736 ) rJ JjS l5j j^L^-jl jJjU; fJWl uuitfi jfl 
i 1785 *U itiJ&il oli>^[ yjb*jj <lf;L*Ul oli*iJl /\X ij^ J^f ^XJ1 
jUI JJij 4_,ui t 4jUJJ ^L> jjlji* iiUjy . *^jS jjJtiu jjjjjjl >iUj ^j 

:16-8 J£*i ^*j i**- j^*f jt»*H ^ l#j^ j#^J ■ ( 16~8 J£iJI ) uij^ j^^*^ j**^> 

, j*ji*ll ji ^pjjLuii ji UiLiiJ, j jjiLi 1 J, a $\\ it iuill 3^1 ji +-llllj ja ijJjJl jiuJ wjL%«Jl i> JJ* <,| ^>>/* 

2 
J" 

JP = constant ^~ (16-1) 

r 

ji o^>^ UJ bJ'5 y^J*j!Jl oi y* . L6-& Jiill J tel\ aUJ^I iis tf\ Jv 

_j «m^|« i-4 U ^-J-i*- ;'j»-i!--' *L>j"'i l U* t wJ jA Jji^u cy.ll JSL) jjj yJJjJLp 

^ a fJj ijfll yU s/jll sjili $ ^J^ Jjj J»iU ^ DyW M-< 1<W* J^ 1 

Djlj_>JI 4-^-jJJ |>jJlj J>Wlj *^' .JjJ UjJjJJ i/i-L*J ^/u, iili>j > <1jL^ 

aa-8 ^*J! jjj ijjJU U£j , *:a*j Jjyj o- ±i ^0 #4 oij ii*Ji $ 
j--' ■■* ^1 L.I . jyfill jljiJI U^ j_^j itfJU] [ jjJl »l|yjl ) fll 3a*j al* 



S94. 



( Luj^lI) oIIUjJIj jnUl ) Jae gjjLJI J^ill 



F=k 



?1<?2 



(16-2) 



-+V 



my 



- r w 






LJUII i*ii!l A*Ju 



'J 



Co-8.85xlO u Cmmi 



jjjU; a*ljJl *y*fil gl (jjipj 16-2 DjWI ^ i>JJ*Jl «i. r l JLi-jL .i U& 

JUkfj jlJ_l«S li-J-JJ J-S JjJU JjJi.'l.V.' LwJ gl liJ , <_!,*, M 1 jj U* Sjui Uli 

4-i*jJI Lu[i> ^J Lfjj jL»L<u jj]| iti5LJl o*iill oLjj5 LjI ! &)£ .^jj^j 
i 16-2 ^J]l ^i fc$ US' ^ djIIi J*b i*y jSJI "*i*JU i-L^II L*£!' 5 

«■ 1.80218 xlCr w C 



. -e (jj^jj-Sfjl^ +e L*jlji* 4_l**i J*>o ujJjjjJi ju 16-2 imiitll jj yi\ ,j&fu Usj 
J^>3 djLLuI jijJl ^j $1 j_l>- l^tJ&l «; ^ij liyJiil Hf-LTll ^Ui-*Jl J5j 

. LJlil ill. 4 1 g^jy jj -JLo^l i^US' 7J& Jj«j Jj5 gjJli jj*l --rilj^l *Jj* 



*4 



:ie9Jii 






QUfJuilt) i^j^Jtf OU^-tjJl <iLJb gis; yl* \^JJ\\ cU,^ i^J*JI olj^JII jl* '^ " 

: . -;'; Jj . 2e/fl J e/3 Ltjlji* tiLi**J J-i>0j ( cbjIjS ^+-3 J hjU*-^ jW Lf j)^" 
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( 4#j*$JI cVUJlj jjft ) yi* ^Ul J**J' 



:i6~IJ^ 



jl ^jiil , ^L^) i,j 3x 1(F |M jk (ijihij 3 £ >>i ^U * ^ • jjj 
L*]t> ^ <W U+JU JS uj-mSI £i^ U+jli^i $1 *j* W* Jjj 1 l*^ 

? ^ w v^y * -tA "^ & Jy J f} 1 ^ *%£$ jjt ft m 

f U^J JUL. jill ^Wl CJ*jJ r^ j* *»j (_*) 

0.03 N - (3 x 10" 3 kg.)(9.8m/B s ) = m£ = jjjJI : M*? 
; J 16-2 UjUI p Jaj : ty$\ 

o^io j nV/cV 

(2 m) 2 

ijjj i 0,03 N ^ oi^ CjU f *yi' ;'■»** ijfc d vfc* : M*^ 

(&xlO a N . m 2 /C 2 )^ , O03M 
(2 m) 2 

^ ti^Jj +£? U*j* I^HJj *»*i ^j o*M' j j ^ "Jij 33 ! $ \& '■ M*r 

juillj . iji A' = 3 x loss jhs oljUl * JH jj* > v¥ 6y>-. : W' 

„ (0,0 3 N)(2m) !i 
? = 9xl0 9 N.m 2 /C 2 



-6»6- 



( ^j^Jl dVljJIj jy}\ ) ji* ^JUI J*SJl 






B= i = 4xl<PC ^^ 



"■ l.fixlO^C 



Djlib Ij-uS JJUj lj*j 



n 2x10 



13 



* mv 22 



7 x 10' 



i: 



-J ^ . 





y 

: 16-2 JCU 


. le-iu jiaji j k,jji ^j ^jji (|i fc*A]i ji* i^ui i£ii i%jl 


■ 


: ^jjlit* JViilu' 




10 16 jSLtlJ i* Js^II y ^jJl fa U*JI ^ Sjijii ijgjl i*ji : JIJ— 




jL3*aJ1 ^Lslaj . tji Jb LjJLjJ '>*; ?3 J <?i 6j-^»*iJ( j-» J-£ _P}2 ! ^^*' 




$ ^J 5j_oJl ^k jILldj 16-10 J£JI ^ 1*5 (jjfcSl U*Ij>I jijbu 




, Fj $jSLi ^j I* $ JR U Fi jijJl qi .Js- 




*■ DJjAJdl ittJl >_)U> ^mj uyi ; Jlj** 




oU*J( jiL kfiiUjJ Us' i Sjj& 5iU Ji' ^fi m!£ j^li j*kg : Ll>Vl 




, JJJ^ J^t 




f ollnAJI ofjUj *» JjbuJ J^ ; Jlj* 



2ffl 



J S jjiu fl | tu ^Jnjij]l iLJi^ll ulu 



.FsyiiA^JJiJjFi 



-• — ► 



4w 



&-«£x t9*C 






; ijJjif jtHU "J'jJI jjjlill * J^5 ijjjljj tji^ : tiiLiJIj J?JI 
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( JLujfiJl oHUJIj jjSJi ) J* ^jUI j*JI 



.. (9xl0"N'.m a /C 2 K4^Q' s CX5xl0' l O) 
t] = — , L 

(2 m) 2 



= 0,04K 

ex = — — — ■ — - 

(4 m) 2 

= 0.02N 

&ri ( gs ^ .) a 0,04 N - Q.QiJ N = 0.02 N 
t 

, IB 10 JjjjJI J jLuil i*J iii-l ai* iUjji 
,..**( 10" ,a N : 4jL*VI , 4/iC UjLui i£*J Ji ijjjll tp\ jcyjl : jjjij 



, lfi-1 J JiiJi ji bw?^ +lQ/£ UjIjaj &*$ ^ ijjjli LL«J! i^ili j^. 5 i 

* tlO/iC &»JI ^k tj$t! Sjjiltl jjiJl oUb^l j* li : Jl]* 

LI . ,^^+Jl ^>; jjUu 5jJ ^j +6^iC UxJJI If-, yy> j$\ Fl SjUI ; h}jfj\ 



iiunc 



,!ll till 



h 



+6|*C 



:lfi-ll Jll 

u-Je ij— IjJl F *WJ| ! yll. jli/jf 



HI cm 






S 



X', 



X 



t- : 



9 



•»|it: 






m- 



( VijjiJI oVLjJtj jjill ) jifi ^ui J*ill 



i*k.l/rtti 



(0.3 m)' 



ft: 



(9xlO*NV/C J )(-6fiC)(+1 0^) 
(0,2 m) 2 



y> t>b>; L Ji* ^ jjJJl nUgl ^ J j^ s jjUl Jill! ^i ^a* Irfj 

V jjjIaJ! gin u^j *_tii"j : JILi 
J! j^ ■ u-jy-M H^3 W* J^J I J-T c ^j*U« ^i, U4J] : ^L*VI 

I 61 J*i 16-H J&A 






fi = 6N j ft = 13K 

Ari = V36+324 N = 19 N 



9*-t*r ! .^ = 72" 



D 



: 16-4JU* 

. IE; 12 Jiill ^ i^i +20;iC i^O-'l ^k fjfytl ijill j^i 

ljj-Sj 1-4-J) , IjjsL" t«-^iil UK» Ijj h*y \+& cjU^f ^1 ^j> : ^L>)l 
37* Lijlji, i^jjj J_«a (Fa) j^lli Ul . JJU JJ L^d. Oft) 6yJl tfwj 

, j^JI Jl jirtl LiJ! JU 

? gibyOt ^bU «*3 uufy : Jljw 
, Fi Jl y lJJ,\ JL£ &-& . y jjf ^jll jl fi iyjl Jjbj ,_c^ : iil*)fl 

6^bJi jijljiil ^ (^ ^ iliili^jJjJi 
Fi = 2,0 n ft = 1.8 N 
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( %j^JI ai\*&} ijjffl } jh* ^jUI J^iJl 



4lftuf: 



U4N 



:16-12 JU 

jr-lt !>J>*ll i-^l JJ-M gffi 



l ► 




3.IIS N 



M 



J3? 



+i„c 



\ 



\ 

Mm \ 



Mem 



k f fe =lJ«N 






F|=2,«.HJN 




t-\~ \M N 



fii 



F» = (l.BN)a>a37° = L4K 
fiiy = (1.8N)sifl37 n =l.lN 

ft«UN j Fy = 2,0N + l.lN = 3,JN' 

pi i*j 

F=Vl4 2 +3.1 s N^3.4N 

J 
L4 









ji^iJIJM 16-10 



. l«J : j> r l JL>J lij^ jii'Tlt Jijil 4**l ,*j 
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( Lf^iil ciil^dj jpl\ ) ji* &jU\ Jrfill 



; JUL ^>JI jiP c-j^ £$* J^ 1 W*M J^ 1 j* £*J* }» ^ J^N iiJjLJl 
jjj( _p0 [4_JI [^lj »L*il jl tjij jjU- <^ t A iJs^l Jii £#j L_** tf J 

jjj I jijVl ul^ >M Jl jjJfi l#ili Jl»Jlijl» j^j JsjlwJi ui . lPj^i 
J ^ Jj jlj^I 16- J 3 J_iiil £$ £*>JI jij ) VM Jt ** l M ^ ^ 
, j ^i 'Sjt ^ oUMfl ^JA> i>j Lub iyJl IjU cjj; i^ . <S^) jUjI 
j-JI j^l ^ £-ij* j*tf V^> — *** *# <M Jj* ^ JM ij^j 

^ (JjU3 jlii L^JuJI i3_£j iy> 16-13 jf^JJf ^i ilij *fc>^i .lUSuij . LJ 
<_J jc ^ji^i^ i*u jfti ^jj] „ SJijliil^ iU3j i Sj#* yill Oj* 1 ^ ' w*$ i* Vj^ l^ 1 ^ 

&^ £ ^ Lh >* ^' »** %* ^ -w JS> *» <rt J- ** 

J4_* uLlij J ^ > lit juj ■ . i ^| JL^Jj j^i; y^ £,£ ^1 ili^u J4 >Jj . WL ^ iiaO 

, UjI«n ijj^jii ^j^'ii ^ii*i)i J5 ^ ^ J>^' ^ A* j^^ 11 ^^ 

jLli'il 5_LjJ; *^Jj v^ - *jW " 4 * > ^ 1 1> - kti ^ ■ <?' ^j^^ M >A 
. liUs J+p ; 4L VJ SjjM oQ>^Jl J^ ^3 ^ i*W1 "#^ ^i fl^-^ 
^ sjjjil BjUf iUal >J *il .Jt. U its: ^ ^j^l JLJl »M ^ I * J - 

jU>i u*^ J ilk jijiiiij . uiiii dj) jj w^r ^ j^ 1 ^^ 

J] L^Jsi w]u^ Lpj . { I ) 16-14 J-iill ji A ikiJ! j^ c^j i itf-jt 
^^ ^k S^jll »ji]| ^LJ 5 J^JLj A jd* rJrfJ Ii ^ j-ijj L^ l >UI 
jy*l *J*& tfJJI All ^ j^Jt ^ ><jJl J! lyS <^^^ ^ j^-^ 1 







:i«-ia jii 



*_>oj 



^ TJ UJI Jl ^ ^ i^-jll j^l *J*lj . (yj 16-14 Jilll ^ ri r 
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" 



( ^^SJI cVWlj J^l ) & ^jUI J^l 



,■ 






16-14 JLS 








M (!) 

^ j ^j^iil g^Jl iU 16-14 Jfcsil ji UU^j ^sll t^lJ^Wlj 

. ill LJ I oU*JJI t*j i*iij uwut i u>ill CillhAll 

jj Lp J.1 Lu£ ijLjOeLf lyju "4* Li it E jUjI ^iSj. . E jj o5.ll JL*JI 

j*L^ #j E jljJU Uf , *J*JI Jj J^ ijUl ji^l JLvJi ijki tLd ^ 

: g; UjOJI Jj jIja* yip i^Ju jljiS-ll *1>J L>j jjfcj j}\ ifi\ 

EsF/gi (16-3) 

i du*ill o±>y Sp ^ R J 4u»j , N/C L^i ^U jj^L- E il.i>j jli l&j 
US] jjtjij Ljl# ^1 jb , Vc^ii jLi.^1 ^Lb^ 5^j) iy LrfJf ^ (J*; L lift lijjj 
^' J^ ^ j-**" 1 ^ u-* j*^e j-" 1 *^*- i f>A*J-^ JJ jjj^ JL>j 3a* j-LJ ic 

, !*Jj*y Uj»jll ^J*^| ^j|jJ^U yljLjl 

l*j*tf s^ j^ JM 4^-UI IjuUI &|i iuj'^Jl JL>, „ JUJI y> USj 
i=3Lii 16-14 J&Ji^ JlsJIJ^. JLjJIL^kiJ ^Uljiill^aji 

lihJ U»j J& Bjjjil jjjSlj , ollljJl ,> yjillf DJMjJt L>dAj ^J ^ U wJl 

, oLiJl $_« Vji ilL> ^w l« jjif Oj^ ( jO^l' JW 3^i jl ) ^jif j^l 

±> j-^Jl Jl JL>»Jl i^ki Vj lijj du*^ U _rfSl ^Jl JUJI 5ji oi tf f 

J?jJa> iJUS ^L>^Lu Jjj ( L laJaifl ji' JUJl Jut luji jji; U LoJijj , , L>J 

. ^^1 JUJ-iJii; J^U ^ iJJsJii Jb y Ju^jl 



(jj.*.) Ojjvi* oLy*^ jl L j^l dJjj Jill jj^I jL»JLj LvIj jjti^i Lmj 
^S*-j Jj , yj*j iJ>*i oULUI ait jL^I Li£w Jlj>^l dJuu Jj { 4^*jj jbyi Ifj 
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( 4^SJ| *Ws*Jlj Jj*l1 ) p* g-jLJI J^sJI 



v J_Jj jjij ]>*.■■- L»i ^e" Jijk ^*J V^J ^^ -^ ■^*' 0^>*Jil fljill 
„ ■ ,,.„.„ J f~l Y^ 16— IS J-£JJ( (J f LLii ±J y*iJl JUJl ojJ "L> it til jtj&l 

' " E ali iUJJj i (v) 16-14 JiiJI ;> U) ^ LS i pliJJ b>i **i $ i^il 

?i jLi>f Li>j; jj^j U^ jtj . J£&^ ^i\ tl^tfi j* oj^- 1 Z 5 Mi j^ 

4, r 2 



U«j 



S 



T 

. iJjJL UxiJ UdJjl^ 

4 oJLi til Uf « imIjLJI Jl \ifis L&_ mjlJt S}\ JL>JI jij l&y q &j# UiUj 

, JiUl Ji Cjti lAij-i JbJi ^Lj *JL 
Jy aW fl| JUJJ i >T U^ Ui r JJll j^ ifcWl si* Jan a! Ui£*y 
( io.M Ii*j]| (^4 ) *l§*ii1 Djltl ,> IjJV Sjiji iiU* JJ* , Z*Jd\ L-Jb^ iijS 
in L^y ojlIm Lp* U>LJ' JL-^jJI J*jt* ^ "^J ^ ^^^ J 4 ^ ^ 

J» kkiJI ijJ ij-SJI ^ Ujj^I LaJSj . SjStl Jj^> j«Jl L>u ,> uli^ Jby' ^ 
p_j_£J1 ^j yjSlLf ,jj*i Ij+Jj ■ l^ 1 ^w i> B<Jl ^ j'jV 1 j 1 ' J" L'b ^ 

ydLWlj 16-14 JJ^JI ji O^L; Li_j*i j pLni Jii *jj*i* tjS i> *^^l 

o j_£jl LX»4J LiL^ lAiJ Hau dL^JJ jjjl j^ tUiub iJ^j^At ijS ^J-> Jl*Jf 
. Uii U>-i Ji jjku LX fliiL ^Ljdi ii Jt l{j-4 <JjW jiLw liJj 

16-1 j>&?y J^ 

, 1 >^ 10"* C Lasjl j« iji>jj Idsiu *i»J a* '^ cni -^ ^ ^J^" J^ 1 5ii ^ 
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( Ijj^}\ iVbvjJSj Jj*Jl ) ji* (^jUI J*ai)l 



45 Hi' 

\/jT 



\ 

iflrm \ 



\ 



u iC ;jj-£; Liiii 16-1R J_£iJ1 ^i P i_LiJI iii E l^-*: ji jy l ^;u , IJ jv.u,-„i 
jJl jLfii^l UjU iii v^jh* q jjl dt^-j . <} = 1 x 10~ 4 C jj£(| /■ = 0.50 m 

i'i - iljUll JrfU (ills t E jIjL j^w^j [jj** ja 



*a 



J a ii B (»x 10»N/mJifC 1 )^ a -4=3,ex 1U»N/C 
r* (0.50 m) 2 



, 3,6 x 10 G N/C ; LLk-JII ¥ 3,0 cm L*^ d^j 



IJB ylfll ^1 JL^l ^ uii . Ei j 



: Efrffjfe 

. ,^jJm1 jjjjJiisvJ j> '^UJlj 16-10 Jiill ji # *Ja*i)l ji* E jlj^ rU^jl 

: JakJ* JVdiLiil 

f JUJJ <j^aii oUijJi ol^jl jjjv ^l U ■ Jfjri 
iIjju tjUJi Jl LJjJ*3 ooj L>jj i^l ,> t -lUJl JU4J1 ji j^juil : oWN 

Jxj . L^iA^I IM IjjJal 4*iii 4JL U*-i ^ *■ jL'l JLkJI LiI . 4l>Jl ^f 

. 1G 1G Jitfl ^ jj^li ^U^l /& i £1 (jUL^)'l M ^ li* 

{ ; Ei j Ei ^{jjjL ji*j tj JJ^ L : J1)j 
, ijjjLlj Lii u>w &* ' -iUl JLjJI j\jL Ljiw 1G 4 -OjUXI : 4jL>)II 






(&xlQaN.mVC^3.6xlO^C) 
(0.10 ml 



Jl cjiiil ^"iLwII 6Jui j^jli* 1 JyAfltljIlj J*Jl 

£, = 9,0x10* N/C & = 4.5*10 6 WC 






Ei* = E 2 cos h37 d = ,^.6 y 1 n« N/C 
E*» = -Ks win S7 5 = ^2.7x106 N/C 



004 



( h>jfl\ o* L>Jlj jjU! ) >* xjUI j^l 



^* E Ckl^jrf tyjSj 



fc =3.6xin*N/C 



E, ={9.0-2-7)xlO fi N/C 



Lli JJbj 







B^ll jjlJlft-S JUlLI j»B 



jji g = +4 x 10" T l*jiji* *i*-i Qtwj W 



■ ^ ijSl jljfc # lifJj . F - gH iLLu ijfl- itiill ilt Ji* £*j? U* f 
F = (+4xlO- , C)(7.3xlO*WC) = 2,9N 

E .W ji j£ F jii if* r L*i iJL> jij , gE «W j* 5^1 »Vl o£j 
; M) iiti** oUrfjjJ U*^ jj&\ JM IW 



JUJi LJ»W u«* U a'L* J jm3!I ^* ^S jj5 J* J*^ i»' ^ Ol 

P F 

: LJtill olj^l ^S3 i^j ■ Vj ^ ^ J^ 1 Lf^ 1 
. LJUI *il*U) j^ ^. i^jll ^^1 ^ jt^ 1 JL ^' ^ ] * ! 
, LjJ H£ jJ\ & JM ^ 0^ ^ i& L ^ ^' ^ ^ 2 

^b £m JW ii*rt it*. r y yl ^ biji 1 ^ Myjj ^ r| ^ 
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( tUi ^iJl ^LhJIl JtUl ) ji* jjjLJI JjtiJI 




LrijS JjjJ _£!j . "jjjII Jsj-k* <jJJ jiii jiJl ib^ljl ^j «jL jilU ijj«i JU* 
a*L- L^JlJ A jJ^ Lt»« jUi*l l-1*^ ^uui_j ij] A UiiJi ^1 t II* j** 
ijjLu yil^jJI sji o^*",j ■ ^JLJ' <j>*SJI M ^jLsvj i-u^jil ii**^ 1 u Ijilii 

A lie iiiJI JaSJ -Liu jjiJ ijjiuJ' u^l* d*a*jj , LjJLJI I it JSJI 

jlj^ litJJI JLfJi ;l>i 
^l ^ j] liJ . jiajl l^Lh t* jiUbyij Juflll* IU] jit LLs ^ JL}Jl £l eiLuj J* IjjtJ jj£ j< jjTIj . 1*3-18 

, fcV-M." Cw Sit— il 

IffeLi. ,> ^ liUU ijjj -J^rj illrfj , Cjb^Jl jl J»jk*Jlj Oljill JS< iL-j 

1| 



^^^^IjlSS M$\i-»toiAtoQt*£+ 



i. liii Ji.^!l ;j ji 



■ AA jJbt ilall JuaII H^Jj *Ioj 1^1 6iJ^^^ jjjuf Jif jjSi lis^v ( ' ^ b*** 
JL»JI J»jJ»*J fySy . ^LJ f Lf^ k^ p jJiJi ULuil *,l* J! jA J^b l n 
_j* ^j_i> i n 4^*iJ Ljlj* E± = K cos fl jH SuSy AA Jl> y; ^Dl ^^Jl 

J^> jUl Ui^M) ^^1 gj^il jl ji^ j»^l W^ jlti o^ jk J^>J £i 
US' cob iwi J^ IjUifil LJJL jl ^ {J& J ( jijDI pJi*j ) £1 uifcVtf . M 
5 J^JI Ljk> <Jt3^ J3*3 ^_^l JWI »aJ J i-»j ■ 16 " 20 J^ 1 ^J ^ 

J jij OjojLfl l4>'wii jjli? j] j*J*J j^jU* Jji-J ^H* lfi-21 Jlill «Jji 
y4^ Jl> jJJuJl J i*^ , JUJI Ljki *Jj jp ^kLu ^j^5 liLx* L4J i*Ja^ 

J ^t£j ij| J_j t ^j_>1 jjfLi# J^> U*3< ujit L*lw i v^^ **^' ^^ 
J^: ^3li t^jJl y L 1 i^lj , E j n > JS atUiy &> l^u> o^ibJI ^ 
/j| 'f jj—ij j-^jWi tJ^J' jJ^J ,j^> s ^* t^l oLilfjJ J5 %*^ Lo^ie W! 

. -kJl Jj >1j oljlhJI <^J^ u r LVJS 



-fiWi 



16-19 tjtt 

lJ , EA j* ■ E JM >^jLj — " 




i i t 




^* 



■+1 



J£}\ jijjJI jLi lit] U*-i U J* *M ^jI>j ^ t 16 21 JiiJi «JL» J4 
^j> t jia. A- J^ ^j^i JM y*»& Ji^ ojiy UJ^i i> jSH iJ#»jfl 

, LJL* iisxi 4*-Ji iDJ J>l>ii U^4 j 1 

: j* ^jU j^lil jijjill ^jLjI I jiMJllj 



(l) 



i; (BdA) - 4nA L ^ ( SljijvJl } = 



Q to t ( slj^JI ) 



116-5) 



6i 



L«- 



U-^ 



\ 



X 



jL_d! J. JJLtA ijjjftl j! iJp J*dlL" 



«jjj jji jJI aUi ^J U) Ll^* JjJJ LLLa 16-5 4bWli . > J* 
^ _^j . iLu»y -LJ ; Lu>L U) ^ i^ ik^ Uiii I j L*J eiti*ill 

, ,U A aiHj ilii LJ ji*j , ( i' j 16-22 Jiifl ^ liS R U>s J^j i^j 
^ ) r U>s O^ . ( ji*.Sll a^ 1 *IJ ) »/ *^ J* ifi^ ^ l *& 

L jgy j I Jill ^i'j ^Ji U lJ/J 1) 
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( <xj4® fitfWj jjaji ) p. ^jui j4i]i 



:lfl-2J Jfci 

JjJ uuJl i ikLiU r jl 4 

J*— i J fcllj . ( J-kvJl ) 

(Eco$0)dA > 4*W*i: j-at Ji 
1 J — "JU - f - JijJ* ^ iJji^) 



:16-2U Ji*i 

5L—JI ( I ) . R Uijtf ij_^ 
jj— «&) r?fi 1 <ilf- j^ j'jJi 

^1 Jt*J| Jji^j , +Q ia Ji. 
Q3L_£ ji US <uL ji A 4^Jll it 
i-t «— * >4^j ^sii (J iitiJ 
■ y-^jbJl {tLJl ( v ) . 5 jS3l jij* 
I Jlj 4ii*l ^f V* ¥ J^ R Lit 

Vi 1 — U) r>R i yUijl+Jl 

t k M J^_ir< J GLjt( j) 
J^LIj A <-l»L L_jfl it Jb-ilj 



: u*j& dy^ u* j* 1 *" *-*j^ vl*** 4> oUJaII si* Liiwi 

( i ) (16-6) 



E = 



4s6sr* 



r >i? 






(7T '' / / j J oat 



■^N' I-'-t" 
.^<HVJ I 

to 



11: 



— ► -A — 1 ', — .- 1 

-^ ■v'r'V""..! I . 






^ 



Mi 




ful 



+0 




(j) 




I*) 



il_l*AH cJLS ^ U5 bjy ^jji JLiJi ^ ^j^-» ^j^li l!1*JI iji *L>jl> 
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( ^L^&ti #y Mj jjft ) ^ ^jui >iii 




l^mlf ^-ia— 



j>Li-^bij(i) 



a 



Af 




■|„l 



u^L* tytf & jjfi JJJI, Utl cJijV Jikdl oljLLil ^ ,)] , ( ¥ ) 22-16 
U>Ijj ^sjj^ V ^kJI $ ( 4j 3 l> 5jS]| ^ Lij t^ ^]j . e W) Li-i ji 

£(4#*)e0 ,<fl (y}(16-6) 

5j3l ^ jiji ^s -Q LU &*jt ^ U*3 jB i j ; _^ 22-16 JliJI J U 

0^,1^1 ity . 4iAi jjUi ijjjUi jm £^i ijmjfa^ . ii^jii 

r>jj 



£- 



4l£( 



r<R 



ilC-23 <JU 

«jl_jt ^lill tin j ^UJl j-jbJl 



jliiw ji LjkiJI l^JalSL Lb^Jl ijj j#« L^jj , 16-23 JSJ1 J ^ US 
I jj> 'L1>M1 3_skiJ1 iiiiiU kU JwjJi ^»J1j . ( j^il ) JljtVl (W l^iJl 

jikL^ UJJi :*hL>/il , U jj ^Lp ^ J&j ijiHjISJBiJl^jIj ,ijjl 

oLfijll fcjJ&j . r iiLli jj, lit jjii j^l cL^iJi k> Jjt J ^ ^LjJM!i 

. (vj 16 " 2 3 JiiJl j_j ^ ^a US Uw L^ ^^ iiii*]l jjbJOl <J^J[ 
kiJl JI ji yj lilLu k& Lj^Li bUJl ^j E pi ^ ^J* yjll Djill ^fiUj 
JJUill ^LJ ij^i ij^j , !fL ji L>j* MwJl IukJJI eiifS li| L Je LLci 
jLi ijj* i^ba, ,jj£ f iJUl ^ jb <*iljJ( J^l JS ol ^i ^ iji LjJ -i 

j* Ujj>J jjiuj 4jllkujl ^iw Ji LtJl ail i£i (J}«iJ , -E JUjJl ItJ jjij UJ 

: ^1 +J2U y' Ajii*3 JjU f oIjLliI jLwa-Lfj . ( I ) 16-23 JliJI ^i j^Vl 
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( iy^l O^lLfcaJlj Jjfcfl ) j* ^jU!1 JrfiJl 



E-£- 



|VLJ llj— lj . illJa-rfjl ;jjjl+j ji J a - , f jit Lju£ k^LSjt «J (juJ E JlvtJl 1 

. -Ul^^l-lLJX^iAA^O 
, tyjfcAl <^L>JI *>UI J* UEM1 = EiVwL) 2 
L»J l_Ll tjL jjjL* jjjjji $ lii^j Q = J/. ^A LfjkJjL ikajl IJill UaJSjl 3 
: oU>%JJI jj iJauuj vLp "ik> ^ jwUl pj-^' JL*d< 

i 
£ = (ie-7) 

f— ill ji *_jJl> Li L^jLiw IXijJa; E i_jL**J J? ^jL*j J~*Ij j-yLaJi «kJl 

, itjjiH oUlxUL y*ii)l 

jjlijuj^ft JjUjJI 

Lijjt 4_L*J LIL* L-jIjJj (,il |>jaL-> L-uii lhj'— *■ ijy^ Sjlli j^ j**' Jii*^j 
^l j£jj jj>i iy,) . 16-24 J£Jl i -J>y ja Lt£ jiLfJ ^1 ^f^t JU illauL 

J Liu I J-t (i> j' ^' JJl ii)i— J' ij-HJ LIlu I 4&\ ill jii ■*■;--; oLLjJl t!j_*j 

£_ n jjjj ul Uyl AjkuJj . JjJLyul j'jj^ (>c L+U> Gl^jy 4jLu* jjJaV* tJulj lJ^ja^I' 

Ja*^1I u>kJl uLiiiJ >j^j <uki* <u*k- ultf LjJ -j! Jfi jjiil J* **4li 

\ ifali iji.lt.. ytfj jp jjiij [j jiyrt ^J^ jL>»l *J>«* JjS SjJjll s^JJ i^?j*j-iil uliU£_j1I yi _ jjil lyi . jjimajj 

CT ^ i^JLo 4»L_i* JjJ 4i_JLi . Ljuu U—**i J-'^ J*1jJI JJ4 JC 4JI— Li ii£ 

l .^ ' v jLuhjJI ,J| il oljO -v^_jj o>ji oI_1a jjjlLi (f, 1 ,>j4j J] j) Jt) <ia-jJI 

, Ju-Jli iUwl J (I ji Ijjaj J-j--fcjJl Ljua)I iiill iiijj Iji U oij5"il Ji fill 

jjtj 16-24 JAiJI Cx^jj JjUUI ^ Dl>J! al* ^J v^LUl j-jLaJ' *iJlj 

. ji ->. * II ,ju_J[ iu ^jLaIi L.A >«Aji A j^ ■*" -■'! ' ] *"* jL>Lli O'lL—'l IjLlu 

: yUJI O^^jl ,j-5_^ :j V frj*Wj 

, AJI i* ';w»J( llfJ ESjM = jli 
o j_n j^ iuiJ W <Jj ^Ijlwlll J*JI ^ jjIW v IjLu JjIjO* E JUJl 2 

, JLSxM) = 2 (FA) wjd ^LU ^ IjJj ( ^b-UI 

U"jW jjvL) ID *ii^ 0&4. jjjif ^jLaJI JauJj J>|j ijwi**)! LaJtl jj^ ^ 
. Ussijl (> ^W lijJW ij* ^l^ 1 je/f^ 1 J^ "^^ , ^M^ 1 

R=-^- (16 8) 

2G 
-fllO- 




:18-24 Jtl 



( % jtf1 Li>VLi*llj jjiJI ) ji* jujUi J*siJI 









jjj &b jji^b J M to j$ L.-^ ^W 1 Jl ^ ^ h 1 ^ *J** ^ 
u*ijf ji a l . ( ii^j 4#j*JJi ij&l jtiU Uui ^j ) . a x w iJ BW 

iijlj-i ijj_> J_*J 10.0 cm L»jJj Ijiu ij^ Lj_J**J O 1 i4*d ^'j 'e*/*^ 

jui* juyfrSUi jLjj ^y ' J*^ 1 J* ^ : f ^ ty*** 'j 3 *^ ; ^ 

li+Jj r > JB oJLS ' Ult £ = Q/4rfor2 j ( i ) ltH) &UU r*)3 : ^' 

rj^-fll JL»JI 3j-iJ jy^l Wll J«i- ! fJ ; r -R ^i 4(1* : V*? 

, ujvi jjdi jtL U j«j i £a» = J 1 * 10° NIC 

: 1c. Jj*^ i SlLiil ^jaJI c^LJl *IjWJ< ;iiiWljJaJ l 

3 x 106 n/C = <9 x 10* N.mC 2 ) 3 — 7 

(0.050 m) 

. ■ 1 

£p£ L.ju# SjiJl >ij* ^ 7S tin j*, ^ ^1 Jl*Jl SjJ ji U : uj>! 

, 800(1 N/C : U*yi I &6 $ ifi^ 



D 



4 

, ,.-]\ \ j^ji . -^ j fCT wUuil Li*iO i^LJI UfiSfl ^ j- I -V k jA nli j . (JjMl 
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( l#f$\ cAlMj J& ) A j*>i«J1 J-»H 



JJiLi 3_L>JJ| fy* hjjM L*uiJ Lu-uJL JjuULj slJjo*t"l jj \m\ ii> : 4jWI 
oUUJl c^j UjiiW to li\ jiP £ « (T/S£n Li^kflj 16 -8 iLWI : U*}\ 

j B Li't E j!j*i i jLiL Jii ^kijLaJi i+jj t lL±j Ll JJ ! J.-.'.<l'. 1 U jJ*.li 

jj j*3l L*j»i ^j tU^I ^j 5jUU otiL+^l &j* i 16-H& J5JJI J *4fj 
4UJ Ll j Lil , C ; A (^jILlJI J l*£ iL ^■\J-M jLj Jfj ^ J] Lull Ji' 

;>«l>«JuJl jjj ctjJ jiSl LiLJi J£ ^ 



E = 



_c_ 






; 16-25 JU 

jj- c jf J,. ' 'if. '■ J t J* ^-^ 




:ie-2G JLI 

*J> J) iUiiil Aji^ I &JA ^ 




( V^rfill olll^aJlj <syi\ } j& tKjLJl >ill 



lu^i oVU* ^ dSUjU 16-13 



U*>* L. hit J5U JjjJS ji ^J Ijfr 16-4 ^1 ji Ifcfj l£ cilijjSSWI 

-_jJ ,yj "j-*^ *-i*ill 5-Jt^J» i>*J? o>i jl iji>jL3\ ■ Vj4^l 'J*il oLvU 
4LJjj ^JjaII yJl uUj^l! v J*a- . 16-26 JiAll ^ Ui' j-f ^ 

. Byfll &j j^jjSrf L» yjil rj^l A* ^ wSlfjli IjJj V*^ 1 Jiijjl j** **;*" 
£jJJ[ J^-Ij Jl p*^jl Ch »jJL< V U| <***H LjLi ' t*A J-j* j-jlfl J jlj 
. UjpAU Sj£H > jft li vjl ^ +5>*JI J! cwJj jJli lilij/fllll Ja- J*JJ 

, 16-26 Jiill ji ^ull ^j^jfll JL^uaJI Do;^lb fcjll k*iJJ 

JyJ t*U*j ^J ^i> JjJSJI l^E >iu» iij«u ^1 (Jj* oLaJJl l-uj'j; »Lj 

: iJtdl LuJt ill S^yS ifjlaJl jjjj j-aiiy 

. J^jll >(j j*^ ;,! ^j^JI JL>JJ ^j "Jl u^jL*5Jl Jj>)l ^ 

: ji uAJl I'jiJU li+Ji -Jlliil j>j 

J_^l *L-J Ljjljil E L£>* j! Lip* jJ &&* iJjill »i* Uw» jl* jlijJIj 
i_jj_Jj jj*jj ,-*» i Jj->l 5j_*j k .» ti ill JjJiJ Jj->uJ oL_jjjU"JI Ja^sL-» 

. ^inil Jsw pjl> oUjj^jyi PjH; ji> ( ii^i 

JLaij 4_Si»n *->}£ 3_kJiu OjJJ j£jj JdC uU* +9 4Ju*»i 16-27 Jiill r^>y r 

i ( r a j^ ) ijSI) ^>IjJi ^LJIj tb^JI 6^ ( I ) : ^#ill JUJi hi ^ 
, ( r c ) ijiJl ^jU (_^) } ( n ) BjJOJ j>j^lj ^Ijtl C^*^^ 1 6^ W 
^jLiX d _L»<jJl y^kJ( (jift d»M +9 * -fl U,jIjL ili>ui jl ofj ( j ) 

. 4jN J* ^ 
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( ^u^JJI oVl^Jlj jyi\ ) ji* l^jUI JjwJI 



:16 27 cP 
j-lj4 i_jp +^ ^jjjjj ijj; Cmhj p 

i_lj_ui q ' n i n ljLJ i 4 — I.£U * ji 

j jj—SI tijj^JI Jib 4^4 jSl ^al 
>-«J ■ fa ) J-*ajJ £jt±J * (r„) 

i^l ^ JM J j& , jiiill 

sjL-Jl JiU 4*L JS ji fjLa Jji; ;l.j 







&*» jjU 4*-jL>Jl nk^l j*£ jl J# H*Jj iij^ J^ oli iiUl : 4^1 

, 16-27 jfch ji r, 

L ' oil Luil^JI ■tJu-i'x.- 4^uJb J li'iAA ojjj i_s JJ I L : Jlj*> 

i^JJI^j . 16-12 f-*Jl ^ SjjIjJl JiU^Jl ^IjL^I tbMUl #&* : O^l 

Uli * ij^tl ^jU r c "*jJi J— J j-jl* ^LJ LJLj .Q ilwl = +q ^iljll 
. ^JaUl J^^Xjj ilsLy yj*j ^i «ku; V L^ii i n ■& ■ ij^l J^Ij 

L ij\L J ^JL UjO jiw ii\ jjSs $ 1WI * £gg ^j , r = Hi JJ >i 
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( iujh^ o^L^jJIj j*i'l ) J* u^jUI v UwJf 



_» ijil-u LiU HJL iUJ jj^j lyUwl «LjUI Liii*ji r = fl J] ^jLsJl ~LJ 

if jj^j J. j^jj +n ^y . iJLe tL^j. j^j ^ ^jjLu, jjji J Lu - 4jL*V1 

. PjSJI ^jl> <*3iyi 4*KlJ iuX ^jl» ^15 ritiJ W <J* J«JJj *. ^j^l rW 



£=■ 



T 



A? 









y ull fljtaH Jjfo 16-14 



ua! Ij (^jLflL ,jjJu>^ jiMJ^** ij^Jyuy fji-*y lW jij**" JW ^*i 

jilLi ) LjjlL Ujjij. j^-^il ^b ^sJI oU*dl ft| . Ij*j^ %* ( ' ) 16-26 
j_>^l ^j V*^ ^i &*>jtM i»i 0.0 ^j ( fM\ tU^I jS UJ yij*i* 

i>i Lwj , (v) 16-28 j&ll ji jJM 1 ^ 1 ^-j 51 i-» ^^!j >* L*5 iJL il^ 

Iju* UJj . 16-7 Jlill J oU>^jy JjHiJl l^^l ^j^il JkJi V> jBI 

; LiUj I^Sl, 6^ JM a[» < 6^#! J^ 0* ^>^ l^ 1 J 



i v 



ffl 



. ;^>yjl ^L: oUUtl *J*jJ i*Jiiill ItfvJiH ^ (J i^» 

JL« ji Lbi-bjII g lA*iJI ^J* ijjjil ijJUl ui 16-3 aIjUII & $\ /iulj 
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_ 



( i##£)\ cjVMj JjJ1» } p* ^JUI J-aiJl 



(£jj s-Liy'jf Luvii* <tlvHj [jfjjjju i^ujl^ |jjij*»iil OffrjUl j}i* Ij£>j . 4Ltt 

. a - F/rii i jjLJ' if'M' 6^ ! * *r* ^^ <1^ jjolrf j^j'ji* j^j^At uJ^jJ 

IjumwJ^ U' <; JL*Jl tLsJl.jljujL OjJj sjjll jLi V*^il ^^>-iU luJLj 

* . JLjJI al^l yS* sL^I Ji^ oJUlollxiU 



^■yj)l 



:1G-W J^ 




uJLJiyPJI 



t*"C*>« 




ljUi-jDI 




*J)ltal 



HI 



("1 



(m = 1.67xi0* 7 kg j#*f )tyS# jfi»^j . +2jiC/m s Lft t ^jU^j 



V 4j™u&I IUj-Jl JA*^ ^ill lifll JJ> l* ! Jljrf 

&Jj(u jjiUi o-* si-JW5 j^lj » ^ "<i*»J W 1 * "^H 1 °^ W : *W 
, i = 3 mm yj£ \*& v ^ iy$ « g =0 y ^j*# • » =u o +^ 
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( iutfiJl d^l^dJIj J$\ ) j&* l^UI JrfiJI 



* £ JWl sit l»i j* U * Jl}w 



K = 



s.esxisr'V/NV 

= 2.2G x lfl* N/C 



F = eE = (1,6 x 10 1B CX2.26 x 10* N/C) = 3,62 x 1.0 "" N 

( ?jLjJI ) iiLhJill a* J h 
„_ g _ 3,62k10~ 14 N 

ti — ^~ — ^^^^™ 



B» 1.76xlO" 2T kg 
= 2.17xHPm/s* 

; ijiLfJJl WjJl JjftJ 
u = ifosW 9 [ 2(2.17 x 101* m/8S) (0.003 mH" 
= 3.61 x 10" m/s 



r^O'} ' 



U'J ' o 



: ^ fjjli ijS $i l^ jjiJi ta ci^i] jij $1 

ill ( _a) i 5-rfiJl ^l { J ) t j*li jjjj^^l (->) t JjW 1 (v) < J"^ 1 (. ' ) ^y* 3 * 
u^ vA ^J** ^"* /Vjy "^ ip^ i**"^" i-^' 11 °^*' ^ *-^ L "i*^ **ij"i ^"^ j' ° 

. \ioJlfj JjJJh^lj **i» j>*vi lA*^ Jtji 

. ^[ jtil Jill yj LftS & i-il*i*ll ^to!l j5jJ J 4 
. luj IA& olixj j^-j i^j il>^ J* Sjjjil sjlJl j!>j| ji «ljp C^^ M^W ^1 5 



ei7 



( la^ii\ d/KLhiJij j£\ ) jifi ^jUi j^iJl 



, *lifr*t iijp-ii* jkLi^J itt yjJJb. ^Jj^iJl Jlxjl i^k* Jflki^ jl 7 

. IUaJiU , JkLri <l Ja> J j i £ .»jj wJ oui ILL Li aj l^j+^I JUJ' oj-i i_u>J ji 9 

. Lyidl 4u*11 ^ JUJIJyk* Lf/ Jsl^ ^jjl OjljJI ( J ) i JL*JI Jjjki. ^L+jJ! Jaii (_») ^ ^j+iJl 

, ikj^ J&p Jk' = qE oiUll Jw*? J II 

(C) ^j£)l i i^d) SI oil*, 

e = L6xlO" l *C : (e)yjjj^Jll^ 

-l,6xlO _19 C : M(^i21l5i»«J 

(k) ^.jJjS 5jJ £ulj 

** 8.99 x 109 N,mVC* 



4n 



<7 



^^jl ji^i ^i^j 



: <LuL! i jUj oUjj*j 



, {-) JLj (+) i^y l Ljj^£]I L*Jl j> jUy j*jj 1 
J_i*S J_ow iijj^lj L^-jil LjviJI ■>* o.-jlk* o^ J+aj ujjj_jjJI . 4ij*i* V^U ^L^ jl* oljiJI lijS^J 2 

. LjJI*j iiJj*i' ijli^fl oli otixiJl £$ j^ t irjsljj dj>!jJI ijLfjfl o'j ^LiflJJl j* tjjtfl 3 
, LuLui i*Ui Li J LjLj iJL jl l&y 4i**i jij^j jl jJ> £>*« ' 



F ° S 



. ijijS ijj oftiy J/- j>& ji^jfi ^ k £^* 
6iB- 



( J*j*£l *?Mj Jp ) r* lfJUII J*AJI 









ii>^ji ^ib jIja*j iistUi dij 



K 






. 4^j* U** ^U J^jll F Sji5l sUji ^ y E jL*j! ^ 1 

, N/C j* E lM SI ol4>j 2 

E A 

. L)L iiO j*J J>Ul Jj C^Lij L*^ A^Ji fa rjliJl J J ^jlS jijiSll Jl**J! ftUJl jji 1 
jl t ujiljiJI lj_£* j#k^ <1mj <it i_ Lull klw> |>. ijitlill ollxill (> JiAJ jijfi\ JW uL» j&j 2 
. itf^u BjjiJJl cjW^/JII ^u> (J 5i* Jj U»U ii**i JS ^ jj-iLUI JLjJI uU>v 

: yt AA i>UJ jjjw j*i* J^U- j^ll jJ-dl 
, fl- n „ AA jls jjjmHj E <^ Sj^aW! LjI)II t E = AA Jili jW ^l JLmJI Sji ; &* 

Uij UjL*JI LJilt LL*JJJ iJjU. ll-)U- l>kv (j4 ^ . d^U jli* ^ j ji EM J^l *l*W«J £>*** uj^ 



( R Ifi jjaj JU; ) Q UCil iy^il>i- 



E= k 4 r>R 



fi10 



{ 4jjj4^ ^fl**J'j Jjt" ) jif jjjUI J*diJI 



E = 



..2 



( if Ujfc* J^yj ) Q ISjIJA* 4i*3 dj £jjj5 EjAJ 



r>fl 



■>fl 



*JuJ4 ajx> (Gas 



2AJL 



£ ^ — (C/m) Jljtlfl ii»j] il^l = A 4 



*Gu>iiJi jj ./A'.'u j^jj^ tLxiW 1 



, iij'-l^ .J (jjjjLaiij ,>ilijLuu rr ii>*l ^^' O^-**^ '<*& 6^^') 

| <UU j a ■■"1" hi |ia '_ *1 : J 

. Jrfjil tJ^ w jJmj J5 jj jj^lja* jyj-jLiJ' ^^4^1 JL**J' Js^** jj& jl ^ 2 

tjjjg <J LLL> I -1^ Jj«j j'-i Lu . :j'_4*Jl oijLiJI jjjy jL>ajI lj^J j3 Ijlji ^jj-j i^U* jl *^jA'' 3 

? jkWI IJJi (> jaO 

^ jtf£l\ JM mj ojIj ijj iijfji J^> jib Jj« Jji^i il ji . 3 x 10* N/C ^*: ^ L.^1 Sj^Ji ^ 4 

jy 3j^ te li£> tiy*&> J.U* -yu Uj^ I' SjLaJl JlyJIj JljL^II jj Jj»i J£i dJjJI jiSj IjII . ^*)l d!» 

V j/UJi IJut SJfj^ sjU »3il y Uj * Ij'i . Ji*-Jf (> 1+*I>1 ^ ^ ,J yfM J^ 3 5 

V IjLL , Ljif ij*j/ ji ^uLJ i^jLbJ iJiL til >f^jj ijl J.-U*! Ji^, ^ o^J^I t^ij 1^' JjL»j If 6 

? fill . pUJl ^ ^Hil ^ jl y&\ hi&u lii j^ olji^ {£-*/) i)U)< iSj- L. ^ uL*TI J^l ji 7 

I^jJI Uav> u^5J liuAJ 4JJ"J ii**i wj Jii*j ^i , D is Lu I if Ini" jljitii ^ LfJ jL^m jy* jUxx^ 8 

? jil_i* ^Ijjl «JJ J jjjjp 5j>aJI yj£j jAj * Ijfcd L^ SjJji' 

J I^Ls l^jk sy^il iyi\ ILojm g^ Liu*j liJli lAiL, lL 
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( 4u#SM ^Mj j^> ) ^* ^ .H 1 



fe ^l JUJI LUw rJ i , y*A 6^j &**j taO^ ^^ &H OH ( l ^ * u ^ V ^ 10 

f m , ik. £ia c^ rt« J^ vj-jii jd^' «M ^ d n 

Ti l JL*jt 



16-8 Jl 1S-1 y< fl-"Wl 

6 x 10" , U&SSJlSxlQS & fy** M J BOSS'S* W* ( ' ) &* ^> " pjU * *** i> yul M *"**' ! 

ii _ 






LSjIi-^I iyll oL*k ; lii i*jl . 100 cm Si^ M^j $ B +3 ° ^ J ^ = ~ 40 ' jC <&&> ^^ l 

. 1.67 x 10 " kg [&£ U* ii*i ^1 >1 d&j V ^ ijA $1 ^ &> ¥' lia > ^ W 

j»j| .xs-dQcm j^ +8.0^C fedlf>«-Q-jip d.0/*C.**4)l J : ^^ j}*» ^ fiW* ^ ^3 5 

. +6.0 p C ifcdll jJ# IjSjil WHt*^ 1 *j*ll »Mj j 1jL 

. (j2 j gi o* ^ j^j! ■ +7 - 2 ^ c j* ^*^ ^j#*J ( 

, U^ JT jIjL Atj! . 6.0 cm i*U U^ &*i U» 2.4 N Ujl^ 5jL ; Ull J ^jU* o^ fl ti»J jito 9 
J^jj , ( U^^ y ^ ) 6.0 m IsU L+J^ 2.0 cm L^ J5 >Jj 240 g L^ J5i^ L^Ll^ 6 b/ 10 - 
dJ^ . S,£ll W J>^ ^' Wl ^jl • ^^ ^^>! ^' J J ■ 70 ^ ° U J^ "^ '^ ^ ^ 

g H.LL oU>i oM*^J « 240cm «U U^ ^} 60 g U^ J^ '^} '^ "^ ^ ^ U ^ U ' 

+6.0 u C ^ = -10 cm ^ +4.0 /iC 1 1 * A +5.0 P C ; « jpJi > W ^ ^' **W» ^J ^ 

. 4.0/jC ^>JI ( V ) . 6.0/iC <^JI ( I ) >yjl' 5j^l ^jl . 80cm ^ 
^j|. ^^l>x = + 60cm,x = -60 t ^0^-5^Cj^^.-6MCo^^^l^l^jl3 
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( ^_^l ollMj jyJl ) ^ ^jLJI J*i]| 






«1% - 



,?''? 



,'?■ 



ijj ^-tyi jl uj^ ^Ul ^jji i>y . 60 cm iiU -3^C UjIjjU ii*J, &* U^-Li; 6/;C UjIja» &** 14 

, I^L> Lfjk ijjji! <yUi c&jta|^iJI i_jiJl ^ i^ 12 /j C &b U?vi 
j_U +6 x 10" 8 C iJ^vtJij 4 * = (J jlJ* -B-x lO^C t^ilj : ^ * ^l Jc ^lub*; iba>J c*u>j lfi ■ 
tii-*j jjj "i iiuso +4 X 10"° C ii>*i ut ^ ii!i*ill si* £m ufjiJU ( fi\y* ) nip jl jup , * = 100 cm 

jxj^tiljji . fc^jlJl ^Jes = 120 BBLji = 0ij**j^l^+7pCj+ii/iCil^iUw»auwj 10 ■ 

sjJI iU^ j* L , 8cm 4*L> Jjjj ^ tf^Jl ^1 jk +6pC Ljl* JfjtJiU iUUu 4i& otjjti oMJ cuylj 17 

? £yJJ ^1 ,^1 -j£ tf^ij. +5/iC LibjIjAo ii»-i jk jjjj ^1 ^JtLjj^ll 
IjJJI ju^f , 8 cm i«Li J^i ^ oLSji LftU ju*b +40 /i C s +6,0 i f5.0 ^ IM, oU*i ijli c*^, 18 
LifcAll t^ljj Li>^*j hjjJJ vljJl 0^1 jrf iU^ 8.0 ftC btjliu Ipui ^1* ijijll LiLJl LSwli*^! 

, L^Jrf +6^C 
4J^ *U J5 Jjtj l tiUftl djLL dJSi 4i"^LxH fllSjVl Jit +5 jiiC L^j j£ j|jm hJUM oU**S i^LJ i*jj 19 

. k*J JS ^ IjSjll 4JLJI ^13*^11 Bjill jt>ji . 10.0 cm 
, 4,0 jj C L& JS iii lij-l p J&JI ^ l^ll *^| IjLLJl oLi^l 20 ■ 

. (^ 60 cm j a = 40 cm) j^S'l tfitfll 
. f/2 - qi = -6.0 //. C oitfi 51 = ga 5 +5 it C cjSIS 16-1 . JliJI y 21 1 

, fr = 60 cr>i j a ^ 4-0 i:m 

i*ji , +8,0 ;i C ^ 16-2 f Jill I j3 i^ill 4dt£{l oU?Jl ^ J£ 22 1 

. a = 40 cm ^J j^l 
i*ji . ^= -7.0 ^C j fli-fls-+G.0^C *jtS 16-2 . JiaJI ji 23 ■ 

. u = 3,0 in jil» I . (ji .M iyjil syJl jL>jIj ,Wu 
Ltf iuL^j , 16-3 ^ J£jJ! ji *i r ja US itiiil ^ ^ u^ ^= 24 ■■ 
j_^ ^j5]l ,j_y3j , 40 cm Jsa*!I J^> ^I5j . ^ ii^t Ji^jj 1.0 g UfU J5 

, ijS J5 Jp g u*JI a^-jl . S-30 Q 

, <Ll>uS ;> . ^u!l 4L>J L ULlij Jjt>J j'-JI Jl Jjl jjUl 

iJUl! oiji* »J ^jlUt J* c>\ji d$j oiACj^j U*Ij>< Jjs u*>JJl oit^ij 
jjji ij^Jl Jl Sjljjl^ L£mLl^j^UI gj^ji jw LuJl j> Us t «_LJl jj U^mj 

t 3U! U^ citf 
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,^- 



l * 




16-2 f Jii 

-»-"--»-' 

16-3 ? J& 



^Li; 



( ^jljj^jJI ^VLiJIj jjaJI ) jia ^jU\ J^iJI 



16-11 J| 16-9 fr> *UVl 

ijfjjj*] u-Jb iLil j*I , pij$\ i> 1.0 m [*jj* 4jL*j ji* jtj^Dl JLfJI oL*j^ jIjaj juj-jf '11 

t-iLM Jj . Li*JJ! j>j: 90 cm juuCf UaSJ iii ^ - -6,0 u C !U& ll>J> jt ^ilill ^j^ JL**Jl »J-i ^>ji 23 

?>i4j| f tpWlj|4uJM 

jJ^E JUJIj^j! . x = Qj^-4,0/iC^lj* = W cm ^ +5.0/1 CiL*iJl ; x ^ Jt j\&*i **±) 29 

, i = -60 cm (<u) j x = 40 cm ( 1 } 

" - I I 

4jL-j i'j Lu3 6.0 fi C j 3,0 /i C L*a i^>A ^ oUl' J-am^ jj* *£ iko jJu: .jjjt^li jL*J> J^j 1 ( I ) 30 

. -5,0 /(C 3USJI il*iJL ^ L-ii* iiLll i*i (u) , 60 cm 
j f/i - (ji - q$ = ^ ( i ) : J y 16-1 p J£&!l ^ JjkiJl jSji jtf E ^j^i JljJl i*ji 31 ■ 
. {) = 60 cm j a - 40 cm <ji j^l ,qi~qi- 4,0 /i. C j q\ = qi = -3.0 ^ C (^) 
al_?J[j jk& ^ U , JQ.O cm 4-Li JjLj . pka'i\ ^Llt ili* jjj ju* -6.0 J( C j CO Ji C ^IsXfO ouwj 32 ■ 

V LiJi+U iiJlsfl y.ijJl i* ^j^JI JUJI 
jij*! . r Lbttl jJE j>^l JLaJI ^i . ^ - 3.0 jiC j q\ = qi = 5,0mC oil? 10-2 f J&J! ^ 33 

n = 40 em 
ilijJijjjJl^-i^i , v^j^ 1 jlej<-40cmjjc = jisjjjfttilj ^k-S.O^C , 3.0^iC fclai^i cwj 34 ■ 

|_,jis L^LiiJ ■_■;■■; 1.0 X 10"° N Uj«ja» jjJJl j*i ipL -10 « 10" 13 C l*ji#u ii*4 J**; oj^ 3^ j$t» 35 - 

f IL^Jl ilt |>I jJ^Sii JL%JI dI*jIj jlii» jA L» , «Lsi)l jj lu« "d* (> jlw 

^Jl i^jb-^j^i tytfl 6L>Jlj jIjL jl>jI . 3600 N/C Oiij j^iJl .pO ^ ULi< ^ ^^1 JL*JI <& 36 ■ 

uklil bJJk j Ifuu 6,0 jti C btjljlg i^w Lf> jJUi 

tUJlj jIjS* jjfji , 3600 N/C GaZ) u^jJ! i£ j^JI oL»Jl J l^ ^j*^ 1 J^ 1 ^ ^* j* ^JJ^I J 1 ^ 1 37 ' 

, { m^ 9.1 x l0- ai kg ^ifljl iM ) , 6jj^l ( ^ U ) *^ 
JjiSI jLi iLJj 4^jy |>,.^.t j^i JUjm jj oib l*jirj . Iff U*-i m. LpJj^ c^jil ^ 5>*-" SjJ*» J*>J 38 ■ 

ojIjJu Lfjk jj)ll *kUl ^jJ.^ 1 JUJf u^ ^^ ^j^ 1 *#^M ±° »^^ iP U '^^ ^^ 5 >*^ V ^ 39 ' 

■ >& j* J ] * : *^ , **$ ■ ^ Jl ^'j *^J 60 ° N/C 
— Lwy 6000 N/C fljljJ* ^jfi JU« ji k^ 0.450 g Lptftf 5/ o2b 40 1 

1 . ijfll iUi a^j! . 3.0 x 10" 3 N ^jLj J^Jl ^ jill ^ . jl*t J! i-'j 

. E ^j+S Jl*4 J iuw q Lfl^ij m U^iiS BjS oaU 16-4 j. .JiJjl ^ 41 ■ 

, $ , g 1 m SFSUf 8 

i^|j ^ J^iJI oLi) 0.500 g ^ iuLJl aUl ji Sjfll iLS oJISjJ 42 1 
^ L . 500 N/C Ui4 ^j^-J JUh J jU Ujj: ^-ijll ^ 15" Ujlw 
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I 104 



16-4^ J^i 






( 4,yjrfS)1 di L*Jj JjUl ) ji* u^jLJI Jjill 



4^Ldl JjLlp 

jJ^^i 100 cm oL« xj* +B/iC <ixij * = & +6 y C 4i*j ; s Jja J| J* o^ 0&*i owj43i 
olixiJi ^i* i^jil Lildl L£uL,^i d-jaJi ^jfl ^ yj|3 L>^ iuJ) jj ^ it£&^\ j^jia /jii i ^1 

, Hill i k*^Jl jIjLi i*y j (Ji* t+J5 oflll 
* =40 cm j]i qi ; i 1 J; j^J] yip ^l^ij ^ImtO c*iy . * jj*JI jJ ikj jjjj -5,0 /j C UjIjL il*J Li«uij 44 i 
oUjCJI ^_Lt Sjjjll ^i^lLj^^ili ijjll L^iLi Ij( ijj j iji fr* J_S jjblj jIjai i»ji , x = 50 cm, & fi j 

. £L LJ£ itfil 
jj^tJl f^Jlj . tfji^J Uli*l J* 0.090 N UjUj BjL L0 m iiU L < '•'■ ^ j gi ^LJw ^UUi _p)J 45 ■■ 

¥ "i^JL^j .1 Vj*tjj «j*JI J* i fla | #i #* JS jfjL A^ji . f/i + gj = 70 fi C |>i""» Sii 
^_*iLi ilU* iji ^jiil , aU^fl ^ JJU ^j lijij^ 3 * I0 as yi J* p**Jl k.jL yakill l5j^ 46 i 
tj U . j_3-^ r l i>v>*J J| cJajJI jj i^u-i>JJI a>I oLjjliJj ,> liLil i 0,2 ^ij , 40 m Ujji jiLn UfJ-oii 

5 j*jj( ^ ^le ,>A>JJ^ JM*I>}U 4jj5UI SjiJI jUi 
. 0.5 in j_i L^ySj* jjj liLJlj , iji = 5,0 ^C j gi = 9,0 /j.C jjju*JJI jMj»j jUIjIwj O^j*^ 0^-f u^ 47 
tj-aJI j-n Li . HJLUI Hi Li I ^ jj iu\S ULjill « ^jSJI o«*i^ (w) . b+J£ LSuyti^j^^ill sjiJf .u^i { I ) 

V gljj jI ^j>i> >i«j l *^'ij; 4j£ujL»i^fi.'l 
jlai* L ( I ) , 0.53 x 10" 10 m &jU J-ni jta* ^ ^L ^^ J*» oj^i jj^ Lht*jj J +fJ | ^j^ j*y. fty \j 48 ■ 
yi> oj3 jflu Sjill d!» cub J (l_') V 4l»> jijj j jjl ^jtj^J^I J* 0}^)j^' ^ /^ ^' ^V^'rf^l Ml 
. ( jjfe = y,l x 10" 31 kg ij^^l IM ) ? ujj^^ 1 **j- 6^ pis , Jy'j jl-n J iisj&yjk &&>d i$jt 

. uj^jjll'jll jiiy ji* ujjjj^l i> (/^l^l ^j^J 1 JWjJI pL>oIj jIja* jl>j1 c a^UI 4JLH J 49 ■ 
■+J^ cjjiij jJill iijillj ( g e = +2e f m s = 4 x 1,66 x 10" !T kg) Ujf ^Ujm^ iA^j ^ .jijljl tfy j^ 50 ■ 
i_wL> jj Li)l jij-«i> ^k Djjjif L£jjliwjj#£J| iy)l ( I ) : jj»j| L la^. 5^ l+l^j +S% Uoi>«i jjiw lill *j«c»- 
, iia*Ul Jb ^S Wi ^ ( ii*Ji ) £jU (u) j 6 x 10"" m Ljjjj "L^ 1 u>^ U- 1 ^ 5I ^! 
JL»JI yb L . ij-iiJi ,-k- j-U jLkiul Itj^ Q UjIjI) il>J i? L»jU Jju itjU ^j L<^ ijii Jjaj 51 ■ 

f 5yi3j[ j£^ iiii , E ^jf^Jl 
E .jttf-%^ JL>JI jljig 16 L . -1 0.0 /; C IajIjL* 3lxi 40 cm La^Li i_Lai «^j %}** ^-^ ^ J^ 3 " 53 ■■ 

S J iijiJl ji'^p j+ BO cm a« jifi (i_i) j ij£Sl Jib ijlill (-liiJl ^i ( i ) 

^j^l ttS ) . E JLJI il*j"lj jlji? j*ji . UU^ u^j^J' ^j3y x = 7,0 cjn iiiJj 3.5 x 10* m/s ^jjJI 

. (m ; , = 1.67x 10" 27 kjr 

■_;■ -";j . 6.0 x 10 a iii/h ijj ^jhu^ t ji*Jl jIjLL Jj^fl 4iaL (> SaUsuu dyJi jjjlSJ' jlf 4 It '&>) jJ 54 ■■ 
J_Ar _i> ^piSLil dL^j^Ii J diy>j J i <i^u J ■. jjjji'^l ^u> 'ItyJ J jjj-jjj jijj E i^oo4 jjj*^ wIn 
, E j^^l JL^JI tbolj jIjL i^-jl , 40.0 jl s BjJ (>j i^ ^1 ^MJ J] ^jl+JJl ^i 

, {^=9.11xlO" 5l kg^^^) 
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( iv^ oYbJIj ^\ ) £f. ^jU| j^iJI 



M* U jot-S JL^ JUj . M h^ ^[ j J>AI J| (L^-L oLJWy J^i UK iM Oi^] Jii 55 « 
, y j^\ jIajjI ^J* 400 N/C 4Jji pjajo* ^ JL* & f , 5.4x lQ"*m djbj t *I iltf ilj ( l^f 

*«& ^ ^^ JL W' oLs' jl alrfrf 1 f j* j» L (v) ■ 0*^1 > jJjii (jiui &y*ii r }* A»jl ( i ) 

fj5UI j^ 1 JL^I jliJU _p L. . 1.2 x I0" 1H J kjlji, <5j> ^lt -1.. - r n ^ ^ ^jj^J J* J*** 57 ■■ 

. ( ma = 9M x 10 S1 kg ij^ll liltf ) 
JUJI J i_jil , 3; a -fc jjf = 6 jit J _j^J| j^| ^ ^^l^UjI* ^jUly jljill J uI%Ll fcttW c**j 56 ■■ 

* j^ 1 JUJl jlJiij dUjI ■,# J IJLi IjLill ^ L^J ^ fcui 4JUI ^j &0j*jfl 6 1 y 59 » 
jj* fc ^ 5j^ oL* jtfj L^ <> lj* ^j \x>\£ 0^ jc jyJl Jt -q j 7 ^IlU; ;,bu*J «*£j 60 ■■ 
DjUIL ^ x j^J[ jlj^i jjp Sj^ Uii Ji= ^^IC JU*II jllii, J cyJj . o^Ij>)I jj U* ^Lx 

. E = tkqb!x* 
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Jj^ajJLj JjJ jl (jj Jute! jjJa i LJjjJl tlSJj _j+li> 
Jjuij i**U -iUi jlc J-s*j il Uii ill -jL Iw « UwLaII » 

il_sLL "j ' ■ £|l J— oil I 1J-1 _S Jjj-j* . »■ ■;n uu 

^-iljjJI J-ij Lc^iij iLc_jjj+ mJJ lit ^ II Ajj jj 

, 4_Jjjl oLuuh^J! Cj!jL*a*j <LyUv^JI 




4j^ill ^1 4JU? 17-1 



C^ Hi* m *Jtf L«~«? *±j ^-Sli . (GPE) LJiLUl ^1 lilt ^ ULuJ 

J S^Jtll ijjh-5 JjL> |>c 5jL*t _jJ /i Lijlji* iiLJ ■— l*JI ftij] JjjJI jLSJIj 

Uliiai *jji| Ult "uLtj JJ i_jjT jJ JJLJJI ILfc J JjJl Lk*j , mgA jl «L11 

vu-JV L!l> /t pUJjII ^ 6-* -M/^^LJ Jllj j« f-ujJI iljl IJis . p^JJ 

xlt. LJilUi *^JI Lilt (GPE) Lltf titiL utUI *IL y^B ^ >. tfj* lilt 

, h UUI J*> IwiSlI SSj*Ji i)Lt (KE) = fe ijli g&jf 



627 



(j^lj^jiipLfl^iJL 



* — 



+ 



iij*J| otk £_. JjUII i+Lytj lMsl\ fcijJI 4iLb fr '^ ijtt iLi* Jj 

n"^ f - ** ^ ^ ^ t 1 ^ ' ^ yit ^ ^^ ^ ^ t*j ^ 

[ _>_ JiiJi j^j . ( Ujj^ ^k) jSII lujfl\ jyli, Zjfo i*jty 31*^ Iffl iiiLJl 

:17-1 JW ■'•*# ^4^6. iin* 1 fe*jUf £tf ^L-jJl Ulvll y j^l Jl*Jj 17-1 

. CutiM J >*J ^-^i Etf Ujl*M 5j^j jJij** (J <i>i (p*Ail M*lf) 0**>Ul <J£ J>^ 

^x J^; ^ UjjE [jjj , j^hJi ^ Sjjyi «^ bL^ji ^j 4J m£]i Juji 

. F = -Eq lijljfc ijg< ^ J'y J ^ J^ ^ ^Li ^i ty*4j| 

I ft > l^-tf «Uf ^i oi*J J ppil Ifafll jj ^pj LSjjT jli , 17-1 J5dl J A m\ 

fll ^4>J • B Jl A £m <J Li* jIb ^*JI Jfi ^j Jj£. ijjj jl , F UjIjL 3yb 

; jD 5 Jj A & Jtotf F lyl\ Jiuu j jl| Jj^JI iji Jijll Ij. ^ ^ l 




t^J— ijll^-Eqjiiji^ 

0^ Ilk- j% j ^ tifaj ^ ^ lijjj . liOl Lj^Jl jy ii p_«* ^ ^ Jji^l J*iU LiL" Ui, Jiill (j*j 

L«* j_b 4*ij yQs j^Ai^j UlL ^l LuLj fl JaJLLII Jl ^JL J*; j' toy 

fjL^ 4Jt3 B lifi ,a™i^Jl jIL liluii }j£fej iik yj5 JiJlj ( 4JVl*JL* uC ^1 Ca>i^! 

itiil i^Jb B ^ <i>«U (EPE) ^j^I flj^l tills J^i lii»j i i _j>; 

. iJ JJ A ,> KisOlJ iL^ 1^31 ^yJl ii Jjldi jiJJi 
WAB = AEPE = EPEfl-EPli4 

ij^ui ^i jj i^ ^i ^ lit, $ jj^jj . u*jji ^, <^p jyu ^i i^ 

Ji>-%J* (fry, in, Ji; ^lj jji SjSjtl ijjJli Ijj jlcj t E JL*JI tbkjl 
jj_ii *-xj^' jwj 4JUp jL: j_j^jw cJli" -g iJuOJl ^1 ^i t A Jl B 6* L^j>j 

i>j A ,> * CiliA.J J ' "Li Pw d_piju ,jl L^J «*d I Jl j K iii uliili Ij] Irf A Ait 

, E SUJI y^* t\*i\ J B 
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( jjj4JI 444JI ) J& #UI >»JI 



j#*J|-,jji 17-2 



iJ^jGj dJij l£u&il J ilUi Lm jwl n^Li. jL*J jj-i *jjj*^I y*Si Wj 
J| jj^- ^-Ul lu ~fi*i j£J^ . jjj^l J**N 4#l* ji^ djjW Ms* <*4 
$U jSJ , 17-1 JiUl ^ foij*Ail ftpjlll u* ^ ^i ^ *ixill B* 

: # j A :j$ isUlj E jit Jj* J*i* 

pir _pir 

» " -V„ -V. 117-1) 

j+jjJIj . V>jiL L*J >jy ^^Jl\ i&\ ^ FEZ? ! »W V*^ 1 ^ 
*ij]| iiiLJ LiiU <JI Jjl>1(j , oJj? WL U ji ^/ JjSI Jp *1j»j jo^JI 

L^j _*j^ <J{s fN/C) ^LoJJl i.i*}].iji£ JI4JI j*ljS jl uU^L 4ST* l&; 

. < iiUl p £ Jfl ) £*jU £ ^1 o«Jl Lh j^ j^l M ^ 

VAR = VB-VAzEd {ojliEJUJI) (17-2) 

.: Ji U { j£jjj ) iJ*»5Li j*I1 li* ii* pfll <> 
[jUy *3Ji jUI JJ^ ^U JU* jJU jJ* Lii ^ 17-2 yjUll il 1 

Li KPE iiiJ ^1 Uj^JI o[i ^^ fi Ji f jLp ^W &* ^' ^ ' 

Ipl jl ( ^\ iK i!J LU iid Jil UJ EPE ^ ^JLJf *M 

. u*iUl ^1 J! JUJI j^Ji 0* ^b* 2 ^ EPE y^ 
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(j^lj^ji^LJlJrfiH 



(J _UI j*j LJUl 4Lf»iJ! « iLJLj :■• Ulu .. Jjl j^j. cJJ jLL J] J44JI Lia JiJ 
*jiU( JJvlH yL*» juku—ij Lvls B j A j^j VaJ3 LJJjiJl jj^ Llil jjj 

: x^ (17-1) *JjU1I f I j>o^L3 , if Jj A ^ IW 4^ 

^i lj>'£ iii liiT jl Ix^jllj LIU I iL>JJi >> J£ ^L> i^jjJI ^^ IJa j^j 

, l£*LSJ J LfJ yli 

, (V/m) jl 2400 N/C &U 17-1 J&Jl ^ ^jjil o* ^^' JM 0' ^> 

! L^jju ipJl jj3 «i LJ 0,5 cm j^jlJI j# OLII <y >^ 

V« = Ed = (2400 WmXOi x 10" 1 m) = 12 V 

(jj Lliytfl jjj . 4 -jJII J-i* J^_ *JI y* ^1*1 12 7 hlf* fl v^jJ ^ jl tfl 
liUi j-jwj u4>JJ! &|f jJOj ij J*£ J*f!l u!* < V=0 o^A ylJl 4i* J+WI 

; U^Ljtib -Lu A r jJJI j» £ UjIju 



j^_%JI Li jj> till jJ . -4.0 ff C/m s UL& iix^dl LaLj iWSS ^ *y ^ 
V 2.0 on sjlJit iv Jfi ^*i\ iji. ^ 7= jIjaIL yJJI a* j^l 

<f iiLJI jie ^^Sl arJI jLvI Ljj5 jx™ JJJ1 L» : JIL- 
I AV= -i'AK $ * $$ y^SJI JLJl jj& Uj^ . £j& JW «*i : ^? ( 

. E »L*3l jljitl Jfi m# 6a jl jl 
oil Sj^t 4*jL» o* A*81 if!^ JkvJl 6* jJ*> ^ ! 5)Ufl j* I* : JU- 

i JU_>J| ^ 3j±w jfcU* ^j I*JLJ1 ^* Li+ Di)ju oukJ JicJ v-UIj : 4jI^VI 

: [jl jiitJ 16-8 iJjyi jli 
£ = (r/2e 
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(jjj^ljfaJljjifplJjjAll 



. JjuiL UJi>^ i US' *$ jMU j»j 

. JLxJI iL»JI v4 ti ; JlLi 
m i-*Aj\ y^ *j^ JUJI (jlj tjj i ijJU OsjiJl jk fcJJI J L, ; Ifof 

,y IjjJU Jj*jJlJ IjLUt . ( OuiJI j*J ui^yj Jljr- 4j>jj jV 1 *' i **^ |j' (V**i ) 

"ma5xio- 1! c ! /N.m 3 } 

= 2.26 xlO»M; = 2.26x10* V/m 

i* ouLJl ^ liLu 2.0 cm iiLi liSpJ Air- xpJl J jj*dl ^jij 
A7- V - ■ (2.26 x 10 fi V/m)(-0.020 m) = +4520 V 



; 17-2JH* 

iaJjII ^ ^j IM J&Jl .p B &uji j^ jjSJl fr ^ ^ ji ^>l 

J5 L^_j ij_ka: Jl Ic^Jl jU-i* ±»ji . A aLaJI ±* ^j£JI ,> lijipi)| Jill 

t m, = 167 x IfF* ^ ^^jj yjjj ^ = 54 y jj j#| . J^f gill £. &*i 

, c = 1.$ x 10 lst C j 9.1 x 10 •' kg jjU m, o;^l <ll>j 

? m*j*JI Uiifjil hjJ\ jJjju j^aw jjJI L : J!]** 
J| p*?Jl J-* l*te EE tt> iiUs J! (EPE) uLUl oia J^j . Jflill pill 

. J^^i pin 

* pn* JS V j* jjJI (EPE) ^ >B)l j> L. : Jlj* 

ix-JLt . . PE kjy( U| ^> jIjSII jJu jh,^ l*4J« ^S yl jl , 45 V ijlji* 

: jjjj||fl 
APE = {£) (Va -Vs) = (tl.6 x I0" w G)(-4Fi V) 
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(if^^jj^ewj^ill 



APE = (-«) (Y* - %) " (-1.6 x 10" 19 C)(+4fi V) 



APE--7.2xlO" lS J 

: Luij£ll iSjjJl tils ijjLj L ysj 



AKE=±m ^=j m ^=-APE 

2 e £ 2 J 3 P 



>li fr jlsj 



2(7.2x10 18 J) , n Inf . 
V - r, -lux lO^m/K 

( p.lxlO^kg 



„ jM7*ao' u .J). Mxl0ilrt 



p 1 1.67X10" 27 kg 



j^JIoLjUu 17-3 




i ct 



• N 



&*j0| to? Liil^l UUll ji B j A jj j>i Jsij ^1* d> «W^ £$ f£) 

J IVj tf ^; '^'1* to J^JH J^ji ft i %> i JLJ Jjj , iJJJJlyll toj**^ 1 

oL^vJJI 3ju»j jk JjlJI JWJI &U j* j+*JI jji ii ^u>> . 17 3 JliJI 

. 17-3 Jill I ji iV j M ij_iHlJl j« J^ ^> ^# ^ ^Ls IJi*j , ^iJl 
3 M JlL> jUl kfcil J* oJljJI l^Ji JS J li-A|j ^ il ^^ ^ ^J 11 ^ 

4Ui ^ ^J_I1 ^jUI 6^ ^J jl* ij^J ■ J^ 1 lijLjji* •=#) ^pJ' JJ 
iSjL-3 Jji** ^ jlia^j ^iJ J** jJ iiy-" >^l 3* iJi>fl tyj* j&} «l 

-882- 



( jJj^iJI 4R0i ) J* [WUI J^iJI 



A_i jl 4 jAll liik> *j JljLlIi Lib y)£ ii J jJI ti& Ji y^f A+*J JlLiS ^UUW 
JsjJa> m BJuLiu* Ullj jjii (jhjjUIJyki yj i ifr&t *JL>Ju jl ^^ili JL*Jl 

^i JjjJll Ji£]l J olJ| aj1jjL*J liJji < 4#JbjJI <JL> ^i Wni yl Ja- L£j 
0I3J1SJI 6* <*w*J j! ^Iy>l u^f! 17-3 J^ 1 JN $M (>!JJatJl u# jLi jfj 
jj-i jjjJI u lib' tLlJIi jji JiiJI jjj l i^JI wLuJ Vj 1 ^ 0UUsi.1l J JjLI 

: yi *J i> r^Jl^j ■ 6i>yUl J* IjJ^*£ Hk C jM y^iwJl oL})U*! 



j , ;J .,i:.i i]|j» u/ Lilt iii i 

y_UJ ^J ^>jJJl JaJljdJl 
yji_L J it feftjll -Utfjlli , Jjaul 

jl_u ) j ta J ; -" u 




* v>* 



.^lu^rrJnfll 






MWfNT ftWNiE* 



\ ■ 






•' 







Ju^lki. 




:17-ijii 



frflj yJliiJjJl y£ fUa5i! jLII jLi>l J* J*^ ^ y^ Ltf jfjf^l J+*Jl Jji 

1 L^j^IJI *-i$ll Utfc J^xJ y* £&# jj* LjJ 4jy^P ^*^UI *J* $ J*^J 

11LJI puLlatl ydju jLa*L»l i> ^ i#^J' oL^Lju liSUw d£ ^1 JJj 
ji*i Tl til iu>j , Luj^ ii^L»M -i ufrjU o^Lb^iU iuJl; 16-13. *Ji\ j* 

. Llulljj^ ijj^jij o>j ifijjl (JjLj jiiJj *j^> jy« li^LojJl Julj pj^> 



1 7-2 j>^tff^i Jt« 

Ajj^ »jLs jiJm* *-*> y< Ujjflj jf^l 4-ft-^jJl J?jll>j Jlf>Jl CjLjLu*i}U 
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(jj^l^lJji^LJIJjiJl 



jSJi J ^/iJi gUilj ft-li o^i jJj*1I ^J' J! >> ■ g^ J*^ 1 
A- >^l jft oJ*- $ illJJ J+*J' ^jUi. U*£ ji* ^Jl &l di*> . 17-4 

j^jjji tijLj i»^Ja* u Si»uif oj^* &ij ^ b*^ J»jk> tj' Wj ■ ■W 1 J;'-** 

Ja^, « ii*LOj jJjfSI JUJl ipai- $J$ Ll' >*#* ' J +*'* ^J^ J^'j 
, ^0> pLJl y**lJn ^u3 j*>jll (> yjlfy ±tfi\ ^jU ^kJ yl US f-*Jl 

jjjJ (J» b*u uLu > jj^ 17-4 JU ji £ijtl f-»JI ftl i^>' : iiO" 







4^^I^Mjjl^objM 17 -4 






U>L ^ V jjilj * *M *-l*JJ ■ V^ >£** ^j-lJl ^ j^fcyj . «WI 
5jj_b[ a^*J *ii LJU^]< l^ltJl Jj Uli% ti t WH i>f*/ J* ^ 

^ ^ t ^i ^ l^su, *u jili M< *- WI ^ ^ U 3UJI 
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(j^lififJlJjA^Ul^ifl 



1.5 V 




jl $y« ^^ iL-j &t/p ( &^ i'jj* ) $> ^ ^ J^J 

. iij U.lkJ ^JJb 12 V J ^ f 5 ** W '^ x - s V J*J W 

- + 17 5 JjUJl ^ L^ ^^ ^j] J JSLi ifcJj yM b> ^ l*iiej 

( 17-5 Jiill jJ 5 ) Ltf^J' i>l J! yfcJI JjU' i> i5>-3 *Ujj*ty ylJ 

-#* I4J jjy A yJ3l pill j* dU^SS^I » i* jj^j ■ *JL <i*^ ttty jS* 

:17-S Jfci JJJ ^ ^J ^sLe v?j* 4akA (if- i—ify laUi/SI'jIl jS u^ ^ J^ J»J 

!mm^ wwita Wf^ ~u» u*. i*V W o-j ^ «ou- *» 

JJu-Lu >! Uffcj l^ C ujMj ^ti^jju Mil fia . ^ iipUl ulUl Jafy y>Ul ^1^1 *W*«" ^^ 

, D JjU » LB V L . ijbj | _+|^ L ^ fjiJ j, >jJ( ^ i 6 _ 14 pjH J j^i Irf, 

^yi Uiu ^M ^yi J>ii *& u i>j . u^ J>ii Ji* Jjb^ 

^ -JJ^JI li^ ^>l ij . i<jM ^mfi hjj^i\ UIjJI 5^1 ^iP ^*j 
JU ijj j*J (emfl ' ^ f|iV* U ^ ij>i« ^* $fi J FJ ^ Ql ^ 

. Lh* *Ll*i]l Jj-J bjl* tfi* - W> 6^ a*-^ 1 J>,* ^jM ^j*^ 1 

u^ . jw^i ^ ^ 17 ~ G J^ 1 lt* r^ 11 Ji > il ^ ^' ^ 

^^ Sl^ljf LjLUU irfipA jrf J-»^l ji 1*» a l ^^ a^^ 1 i^ 1 >Ji 

^j , L£jii.j^Jl JjjBJI ^*J ifjJI lSj^ f >*> ^ S> gjW 0' /& 
Jllbj , j^JI ^ iU Wi c jUIj A ci Ul J! C J>JI i. J-ljH iU (fi f 
m^^t.Cjpip I^BVrjWt U; Ji! ir- jOs jji. jill-D J>> 0!* 

; gU i^Li-j^ Jj> a»J ; y! jS^-i liSaj . **y ^ J*\**b A 
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( jJ^fiJI J^aJI ) J* gWI J*«JI 



a 



iio ^j , ■jjpr^h Jf> ijj^jll oU**UI LfJ)*i yill *SlklI Ij*a* i»aju ijjUaJl 
4-j,Uw tj-iu L-tjit 51 . iilkU jJjui"' OjlW! Lf^i J+jiS jji* iuf i> jjjt lij- 
UJj ^Lu^dj ^;'jr* ^ i> rW' J* jMi ^ j'i i tIj-aLI "iliii y«JI -Las 

LSliJi jp (^0+^ ^^^ l^*- 5 * H)^ 1 fJ- 1 " ^^J ■ ■ KW &-* ■ ljI-,i 

, s^jj#iii isUaU jj>i jjU* &s j^y 4^ ji^-j 

JjW I ^ 1 C U,lJk iUhi -iijjaJ ji 12.0 V ^jLLj 4jp l5 jJI JA^I y I* 

? yjjiJLi JwJl JuSj* uu* ; JJ- 

,1T=^V J J» 17-3 *WJI o-ii : U*?l 

? y*jil JlJl JJ <JWl iJj^ 1 &• J^ 1 ^ ■^ aj P *+ : J'j"' 

W = (1C)(+12.0V) = +12.0J 
U* L^J EPE ^ j-jjJ tjtjjj fc»JI jl J* ^Ul ^1 £ U*i\ »i* Ji33 

. JsH\ i^\ J| JiS« J4*ll fr i&j* 
Jl uu^jll JjJJl ^ ^jliJI jj^U JL^*i jJ Jjiil Jiill jlJ*- li : uJ> 

.l,93xl(T u J : Ol*)f1 ? ylUI JjkJi 

H 

1(1 OW V A tf% jjUii >jij . i C jJi j»i A yl-l ^ Jjii- 1 7-6 J£iJI ^ ^jii o^l 

:17-e JUi jj US ^jaII i^f*^ 1 til ^f^OO V l; ; tL ciLy ij . &x 1& 3 m/s Ujl* i*j-u 

, 0jJ SftU ^l^ f Bjif1 ^ *JLil ^ 



» 



J UJjillj 4£jJI jljL ^ y^ ^ j'iJ! Ijil ^ U : Jl}- 
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{ j^l JrtJI ) ji* gUI J-c^f 



iJY LilLJf ^ tfij_Jl jlJU jS v (> j iSpJI ^iLU ji jjju" J] tjjjj jj£ jj*l]l 
AEPE = <jAY=-4KE 

10,000 V ojIjjL L* J*l .4* jfc fl pill &1 Jl ^UuJi >j j^ ; ty*?l 

. A lit ±^\ 
? 6^jj^l ^j- jIj** y&Ai 1 »jj?JI iJjWI j,* U : J'}v 




lj-»- 



■L-l. it, — till jiii i-Jiili j . jj^Lill 



v &$$?$ "JL* J JSjll J^iil 4*j U : Jlj- 



B * =lJ vt - 



s 2«(y B v,) 



m. 



(8xl0*m/aF 



2a.6xi<H 9 CXi0*V) 



1,67 x ID" 21 kg 



ul* l^*j 



dj) = 7.9 x 10* m/s 

: ^IPjj jIja* Islij J*j ^Jtv if*Jl ^ Jj*3ll i)li tyj^jU 

i 2 «-tKvyj 



"*="«- 



m. 



M s6.0xlO?m/» 

r (3-11 pill jtil) 
. 3.34 x 10* V : h\$\ f Bjilfi fl J! J* ji Ji J5^ ^ 



cJj*,^3SJ)fl 17-5 



_k 5i>jJl dj* sAiJLJj . 4^1 'LjjAJIj LjJJl s-Lrj-fiJI JL^i ^ pi*U"iJ ijUsJJ 
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{ j^+iii j^ji ) ji* gui >ui 









: j*tj ^ji (j|Ji of^JJ ujjl J^> l^Sjaj j^ L^iuJfl e UjIju 

JjjJj Uit +e U ; 1jL, JisO L^^ jjJl olkJI y (eV) j*Ij oly gjjS% 

, o>ij .cJii ijl.Ju j+*JJ jji hhU> 

jjpj J5L* Ijj*j Jj*aj U& ^j5 t? \aJjL &nJ> l^-i£ jJi iS^Jl 531b ^ 

: cJji AV i^iL i^hl) 
AKE(J) = -APE = fj(C)AV[V) 

AKE(cV) - q ( t oIa>^ ) AV(V) (17-4) 

: jk J**; AKE £* ^jjaJI j^IjIaII fyliw, 

: $ U- 1.602 xlO -B C i Ivj 
AKE(aV)Ml602xlD- 1B )AKE(J) 

leV= 1.602 xlO~ B J (17-5) 

Lsj e oIjj.jj L-& s oU*JI iUc oil* lilj 1.602 x 10" 19 C ji t IujjJ 

1 f 

i 4JjUs ylj HI* 1000 V Jjljii i^JJ jj3 J)li L^ ^ Jjrf i}j*Zi LjJ^j 

^ (17-4) ^jUJ (Ll. 
AKE = (l e ) (1000 V)= 1000 eV 

1000 ?jlji* j^JJ Jjj J 4 ^- dj>J J 3e LbjIja, *1a4 li L^* jl jji i Jill, 
i«s^j I ^ pj)| J^j , 3 x 1000 = 3000 cV j. l^t£^ ^1 BlWl $ V 

ijjiJl a.,^1 ^i L^ {J 1& ^ tyH\ oLi-^II « JiUUI ai> **ja. LjjjS 

17 3 jjyj-jj Jl« 

i)j*jjjLi^Jl oLj ojj j-i)* , c^ ^>* t^aJ ujh^! ffc^ |V v*y ^' l>*j^' 
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( Lf?^ 1 ■>**" ) J*" #LJ L^ 



. JjTll jie 13,6 eV 1*jU* liUs jjjj^ J£ ^aJ uji &l jj"J , iJ Aih ft£J 

. 13.6V 

. 3e L^ J£ 4ixl oij^jl j olijjill oJtf jJ SjLlI ti* iff; o*j& 

, 4.53 V : U^l 



J&Wlj^t 17-6 



jj JL>J! yLi UBu -tit t Jj ^ i^ijiis j#*H ^ j^l ^3* H jiJ 
, jUjI SJL^ ijif4 (j** *i^l Si Hi *ji §jfi ^ jU>1 o£ ( <j^ ■***" 
ji s IxJnt «k< Jju ; Uji^J SUu 4jS S^Jl^ SJJIiJi wjll SJt j-Li (^Ljj 
jlj^I till JjL** jJii JULj , jj-I ^L£j jl jl ^Ji* «k- j\ i u^l Ju 
jJljjJl L^L j-Sj , jLii-t "0L> *J>$ oUJ tijiJl flJjJI jj^ opi <xj$ l 
i ( ohll vyjUf ii^*k lM L, ) tf*J$t SjSUl j» i>*i ilJL J-oji i t ^_^5)l 
Jj."_-^' U lIJl* lilf ^1* . jL» Ujljli *u*j SjUj oIj wit SJaiiJi »J* jj& ^S* 

^ Li . Vab x^Sl jj^ SJ^J. ati* «H> j^l ^ U^U jil . Jj U j» 

d * f ■ ■ 

yl Jb jjuJ J . LLfi'iLl! ji£ *ij L^l uijiirf- A UwuJl |jf jJj ^ jjpj 
Ja iu)l j,j J.i U j* B iip AfiJI ?yw»i <iii*,r l_/^ ji ;i **-' *jL#J"iUl ilfi if^il 

! +q LijfjiU 4J}*ii U>vi Ch 1 (>iLjJi jlkil ifkjf SJjU jL>-L jll fi *L 
U^ jU^ di r J^JI JAJJI yL* Jl ^j . 17-7 JiiJI J £y jK 
lk^ lii jjpij cJj .iji^roUawItkti^r^^^^ Srt-w jL>l 
JL*JJ 3_Lli I*J l^il iy J UyV ( 6iij*i* C^y im ■ 1 ** JI Jj^ L^l LJ« 
, \k* jjJul Lu: jj-Az 3y Si^l^ JjJil Jii]i -L> Lb $ J^Lill jij . E 
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(^j^jf*l1)ji* ff lJI>U! 



jj ji ) q u>l i^u Uu ^j ^(Ji Fate ^Jkii i^JJ j^ ji* J**; 

( lad] JJLmJI ^ ^ 
(W-ffl 



_ ff(«-»r> Aj 

'it* „ " v. 



Ojl** 17-t* UjUII i^i?j . 4JL1 4_JaAJ CvsAl ^jJl^ Luis jjiuJI 11a jiy 

, r oliUll Aji*- jj* UJL y_jii V ^li -q LJL ijjbjj i^J^ , q ,y 

i L* Urij jje jJJxil jifj»Jl v L-> jJ Jt^II ua JUL.! «kuJ UJLJ |j£jbj 
^lihi ^ . LpLi L^ j^l ^i Luj . LJ&JI o1a*v^I ^ b_u^ (p ^1% 



" 






: 17-5 JBi 

jJti 1^ ^i jJj . 17-7 Jiill ^ ff = S.O x in B € jij r = 50 cm &1 y*jj§| 

? Ijt^i jCm Ujuf il*^j jilt* . ; ;j j£j_> *ii 1 ft ILiil lie 

? 5JL*Jl ji* ^ iiUlj iijJl jlji* j^j ^ $$ [j^l _ja Li : Jlj* 
j-l* PE jji LJi KE ,_w^ jjJjjJI jli « jfUJl jj UJaj UL : i^l 

. J)l Ju^- ^*j i£j>5 
'' « *^uS Jjluj Uju£ * JJaju Jju IJU ; J I Li 

-jjj ^If L.Li£]i 4_i Lm L^y ^ ^i jijij 43|f ij*Ul U>UJi |>j : Cl>^ 

? a^JJ IJIai/jIi LuiiJi ^b J-^: J^ ; Jljj 
: +5 /i C ii>Jjl ^ (30 cm oLu i* Vibe LJ ^jiL ib : Lb;Vl 

JfeQ (&xl0 5 N.m 2 /C 2 X5fiC) 



V^s 



0.5 m 



Luu£ll uJI lLju ie JuuJl ^ JlJ! UjLiII , j L ; JlLi 



(HO 



(^^yfegUIJ^ill 



5 % l<** C 



fe£ (9xlO J M.m'/C^M) ^ 
lta " r U.5m 

APE = (1.6 X 10 » CX-90 x 103 V) = -1.44 x 10" 14 J 

: aKE = -APE "dji*il &. V"^ 1 ^r^ 1 J* ^J^' ^J 

1(1.67 xKr 27 kg)^ = l,44xlG~ ,Jl J 
u = 4.15xlO B m/s 







17_A jti* 



, 17-8 JSill 



f ^ <i>-i <> jJfl Jt» ^ ^ Jif*JI v^ o^*t ^ '■ L "j"' 
^Li^jJ L^j Lijji*j 4i*i JS 6* j^l < # & ■^ V^** ^ : W 1 
^LL^>U <|j*J| wJl >U j| Jfll j**lt 0>£j ■ ">*J* > ^' iti>J 

. B &■ &4 JS i^ ^* r &#* ' V«*<J/r:^i 

-js, , kii L^ W» l^* fr& v*jll CjLb ^ JI fil L /^ " W 
j* Ji^ tjfiil of^l ^leisbJ J 4Uj . W **H- tJj#* ¥W *<*^ 

jj UtyJl *Ut«*% . UtSJI cAiUll 17-8 Jiiil ^ J ^JtU)ljJ*Jl 

: j, B lilt if%JI 



Vi 



_ s9xiowCT+5.0xi<r' C) a +4500 v 

0.10 m 



= ,9x10 s w.a'/tfx-o»io 4 ca . _ 1M00 v 



0,20 in 
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( jj^rfiJl j+aJI ) ji* gU\ JjJJi 



/ 




p»io'H...'/c«X4a«i(r'o 

oium v 



= 4500 V + (-18000 V) + 7200 V e -630(1 V 

Jj^f->JI k- »J . -wrf^-'l Jl»Jl yU> m iJjlilL oULaJl [1a ii-Lj ^iii*^! 

sJ-jaj oLn lJj ij 4JaaJ< JJ j tu-£IJ jLa>^ y^lkll ^' J 1 ^ J* ■* ■ &J*J 

. 1.01 x 10" J jl +6300 eV ; U*$\ ? L* 



: 17-7 Jii- 

:17-& JSA ti*^W J j>-* , j 5-j r = 0.0G3 rim & JJ i_La^ <ijilj jb* J ((j = -«) ^iiLu Ji*il 
, i jili ji>i jj* 0,053 nm Ujli 5JIL ^j » 17-3 ^i, jjsjjil Jttll ji jft L*£ *il cuij (y) . jIjII 

t trf d^^ u* KB) 1^1 ^jti git 

, EPE L^.lU A&3 -J' 5xi>jjl 4jiDI Jt )AfJ 4i>Jl will* 

: ^ |w ,>j I^U ^1 ^ Uo*i iJ^jjJIj CijyJS^II (> J^ ^ r,)J j 1 " ^! 
(EPE) = (-e)^,i. 

JLuW ^jLm <JU Ji i (JJJJ^JI Jj*j ,> Js^Lill i jtkL( J+*Jl ^6 Vabs iji 



k 1 



, P fcjj t^ id! EPE ^aSJJ yU 3ajJ *J u^ 1 - b}j&f\ 
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{^Ij^J^gU^ill 



. j|j*ll iyb* fcj^ ^ *Tj*» t*<j ; U>]fl 

V iS'yJf ,> gJI li* J-^ jilt UjLhJI ji Uj : JlJiJ 

^L_u g^-SJII jia y^i "^iLaJi Sjifi jji; jl jilili iPV &^ vM : ^l*? 1 

2 

1 ?^fi "^ ^j' 4 ** j^ <j^' ' ^^" s /" ^! ■ *^*?' 
ta JMeKf) 



i 

; o\4mj)I JU LfLuu 



2 



2(KEJ 



fust 



KE 



"fl 



: & KE ^ J-*: ■)! plii-; Ij£*j 
2 /"'It 

^ fjljJU ;>Li i D«j*-" <H r ±* j^ ^ ^' <JJ>^ J ^ : M*? 1 



ff = PB(-)-?EO)*0- 



-^ A.' 



^ ke ^ Liu juJi iii &jji£rti ^ li* Si 'W j> a*H ^ -^ 
jl^ , ke - J (Mr) UjiA ii> alb j*yg^J3 s iii« ^ a^? 1 rf 

( $jA i£ 4*IjU tt> Wj ) L*USI <J* jSJI ^U)TI KE S5>JI 4tLi 11* 

: >A g*ijjJi jj^j lft|IJ if*OI ui tJj*j jaJ i liiLjij JsJI 

r 
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{ tfJ.**H J^ 1 ) _P* £^1 J^uJl 




6.3 xllT 11 m 
i 

= 27.2 V 

PE = {-e) Vte = 41*) (27.2 V) = -27.2 eV 

; jIjaII Ija ti*J ^ KE OjjtfNl *£>> 5U»j 
KE = +13.6eV 

^ PE + KE t Oj/^^J UiJI *SUJI Ui 
KE + FE*-13.6eV 

jj ijjL£J}l jj^jJ vj-^'j "^j^ 1 UUJ ijMll jlUll ftjfc liA ^ 
, j^jjjLLj-JLI ( LjjJI UUj ji ) o^UJI *Slt -um; l< j* jlitil li*j . +13.6 eV 

: IJUaJ! oJ^_J jjjLk ^jJj iLL-Jl ^ i/ll yty ^JjaJ ^i» tJI jfl< Lmj 



*m\ n-7 



17-10 J" L5UlJI ^J* 3 " *^ ^' ^' fr$?"j*'J*i " dIj * ) ^ ^ **' >* 



■ _j.l l * J] ■■■ i.ls.L Oi AililS JCh 

^Jaa $m~L^£i J^ ^ 17-4 ^ ^j LUili J, , 17-10 J^JI ji %% ^Ld. ^ 
' (4 «* ^ ^ . { i ) 17-10 Jjtill J Li o^^JI Jl ^ <^r ^^i W 

L+i* J_£ t*}jj ftgL~il1 L^jaIj-- u! Ji iMj* lSj-< C»*jUl i> JiiJ' j* 

JJj ojj LjjiWi ■-■ u * IJ| Jj> ■ -IjjlM ^^1 *** 1 ^ 1 *J^ ^^ 04>^' 

J&JL, ^ )* US i J^i J* iJ'J-JJ r j*a-Jl >jJ1j . ^*J* 0^ ^* V a 
*jj 2,1 ycjjiii*. j . -q ) +q itfj^U i&->jN J* oU*^Jl J| yj>L ^ 

: j# ^y^ill 3*.jlll ^ jjj^fll 
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{ ytjiift 4f?Jl ) J# wUl JdiJI 



; &UJL ^1 JL^JW W 0*>jIH AK V j^JI U' 



V = iM 



Ae, 



(17-7) 






J* fik >UaS'l tin ■ i CjUj14 ^a 




:U + Lu i^»Jlj jj*j1Ji jit fcj*ill ti*-iJl jjj ij-Jl ^* ^j^ C *m— Jl 

(17-8) 



C--± 



tjj Liiiil U»£!l did J* jJLLij . cJji Jit ijji ji OuJ SI oli>j J lj* 

. ( jIjIjIs J&L tfj^liF jil^fiJI J! V^ 1 ) j'j"-* 

(C/V) -cJjj JSi i>!j jijfjS = j>Ij (F) jljlJ 

; (jjjjlylf <^*Ul ijdsii 4** JjaJ jl 17-7 HJjUiI j+ L"£»jj 

. jijWi ^ii>j jj j-aJL jjp ijjui »i* ji oUi iU* 

. L?L» { ityjii ) tljS ijjL* **JI ji jAj <t>HL ijj-i> Im-i ILL iiliij 



iiJl l&i -A . LJI jk llidl jJjs i#Jj*ill jipi-.'^ d*-Jl Sj-LLi J 17-9 ^i ^i J>- • 

. gjtf ^ ^ ^ JU {17-9) UjUJI $ jj^ilj 
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( jj4&\ i^JI ) jA* gU\ ^ 



A> 


»^* 


; E h B a ••--. 





I'l 




H 

; 17-11 JU 

'■^ ■-'■ ^Jb iii ; j* jjl'iiji'ri Jd] 

^jj l^ L-i^j ^ I 

v jjiji i+ii V] ■ ij-i ^ 4^ 



. L^ oUilj ii*^ 1 i*L~**j 

: ^ 4*Ji j]tj£j ; 1 mm Ujttfi iiU 

(8,85x10'™ U a /N.m a )(100 xir*m 2 ) 
10" 3 m 

= a,85 >c 10" F = 88-5 C P F) jfjljtij^ 

jjj L**Ij>J iiH^JJ** jj-^j ph>l n»L LyUJ o-iill oU&ill i> jjKJl a**ij 
. Jjljjll Zif-, ^ui l^yto illi J*i ^ *^l>-i J* >iJ (£>k i^ 1 ^^> 

u&t\ ^ ,0.1.0 ftF [^ Ji)\ c*USfllj . 17-10 JSAll ^i j^I rj fl o* 
17-11 J^iJI i>^j ■ ii^i i! H-! g* **£*■ 1 cni3 6* -^ &»■ J*^'^ C? 1 ^ 1 





: 17-8 JU* 

? J? = 10 cm UjJai Juwj djj-l* ^jaj IjS lw y U 



? iw <j ^ o' ^'^ J-V j 1- *^ ^ : ^'^ 
Ulfi "^ j^i Jfi §*t mj i^fi c&^fl jj ^jj « Jjw* • **K cs! : ^W 

,«%Jl «i* jj liifi C = qr/7i*Ji ^bJI Jj^u)l JJiij . I/II ^ *UJ JS 
e aJUi sit Jj: jJw jjil Vif^JI U* <? t*jk& ii*^ lM SjP ^1S ^ : Jlj^ 
^LO^Ulj iUjii ij£II £« ( i#*ll j> ) yJyJI y«^ i! jp #j : ^l»V1 

Lj6 ^LJu oU*^J h^il 17-6 <JjU1 jjto ; iU$! 
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( j^SJI j^Jl ) ji* gU\ j*ll 



^ * J Litf- 



JIL lii ^ . 






0.1m 



*~9xl0*N.mW 



= ll.lpF 



Jjl^Jl 17-8 



LjJ (jl f J t 6j_5- U>*i ( J_P ii^JJKJ ^ olLe^I! yj ()l liLiiL* ,;j_t tfjfl jk 



H CI 



:17-12 jLi JjjjK 

14-^0(1,1) ^gfaa^aj^ tow** 1 



> 

li 

{HjO) 





- 






(HC1) 



(CO) 



+4 



#— * 



C-3 



#^ 



M) 



-Eg 

:17 13 JC 

. jb-a iij ui ^1 jiu; ,m 



4_ujV» k - i- n 5 oLuuj — U ^j-l X i Jl Ml I j^jiltii^J Jj JjluJI jj~AJ Lulu 

jfjuiil j_) uilijLmij ijjji?^ (>j ujJji yJuJi (jiLuj , ii>J>J "i iij-> i'j 

( ! ) 17-12 J_ijJl ilJj *^V L^ ijtiut liU '■;■ '->■"; SjU^I ji ^l-^-j 
J_Jj LLul |j*wy (V) 17-12 JJ-ill p-ajJ|j . 4-luJ uJaJ oLvyuj Lm4 Jf 

j1j> j_>1 \jji Litf j . (_JmH J^U3 oli^> j*jj mli^fjl oi* J^j . ol!bj*! 1 

iiU*ij ^p^ill 4JjJ* 5}i 17-13 J£i]( ^J L£ t jj^' JliN ^ cjB^JI 

* Eg) tbfJ^I jj (^L^LnJui jfjiil i ijiyiLii* ^*5 jjiU iiiJ ^Lii LiI'ju 

JUJI lUJl^ JUwy dwfj ^>>Jl ^ j^b* J ^Ul f ^jJI J^*y f-Bg 

r jS ( UyJl L*UI o*j . 17-14 J&JI ^ Ui J JjLi ji JU: ^1 J J-J 

JUJl dL*j1 j_j oLiij^JJ JjLi ydljJ ijA> ijj U>li*JLf ^lj*Jl IS/JI 
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( jJ>#iJI j^JI ) jifi £jUI J^iJi 



m 

m*9 



•n-u ju 

i j_ii JfljitU* u_kill Gl^Lu Jkuir 



_J|_u 




17 1G JW 

dLJ jjStf||l (jl 4ji*i Jjjj ^ ( i } 

;i j_a dj_ x Ji-iii SiuL, lLl;jJ ks 
<— f w^V **-*» ttjiij (*} - *er* 

l> fl — ■) il»3 Jl j tip ^ 1 jaj ^Xty 

ijj^dl j iji— II >»j L. lii.j (f 1JU) 
i uJaS jJLii ua 



LfJj l>j iJijJI Jjj , t_Ja*JI iuLu ajLJl ^S O-J illjj^Jl !>o jjiSj o!ji]l 

sua ul*ji j_si jj $ t u^i yjk-ji isyj ^^ji ^jl oiij^i > jjb 

oljjJI »io jj-aS [j£ij . 17-15 Jiill jkl -«?^ L£ Jjlku ii*Jjl ^ j^iyfl 
IjJj lhwjJ! i+jiAj .^s ^Lu.» j^ v^-jilj ^JUI oLbviJI iuii* t! Li ^L\j>Jfi 

!Ls jl jjjj| 6 j_i JJL, ujj Lsiid i IjJb ,■_(_) , iSIj k_Jrf JUG JUijJ ^ Lpl 1 

jli 17 15 J_£iJI jj JJ— Jl »j-fcil J> *jj* j* L£ s ^j^ JLy Jt ^j»Jl 
iJ^uiJl 4_u*jj t\yi\ Ul jLdl j*> uy& J£ij y&jJiJ ii>iiJI VjJL, obijiilVl 
Jc* J lL<Ll>Ji1J 4iiiU i»}*yi ilft ■ _ ■ ' ■■"] . ^uJl j] jaiL jiij jjjj Lp\j 
jl ) eui & J i ( oi ji ) [p\ Jl^ juiipj ( vJal J,tu rt^u ( ij^JI jl ) Ojill 

iS^-ip L llflfl ll' I a Ml"lf" l ~ iHfcl.jJ I j ' I * > t f ' _ L 1*J*J ..' 

■ if * ^ r J V ■ 

yUl Of UU^i*^ . 17-14 JijJl ^ tiS JLkJI sLiol ^j 4ikju yii oLSL^ 
rj-Ui ■— 'i»y Llw <« ^j^j <_iLJill iLiUiJ 4-JLJI jl i ji Ja^- Jp J*v ^~r^' 

yUii otiibs juiwi J 17-14 jiiJi j* l-J jj»-ij . ^i jjjjfcSfl sJUi 

( .iniil jjLiLU 'ifS-yi JLkll'l Jt ) ii>jil L^illh^JI ^ ii-i J**j JjLa i 
J US jji>jl!l ^y u\U CJu jj ^*^r* .**^> -^J ■ i"»Jjl Ji ^JJ' t_J"' 'j* Vj™ , 

i ii-jiJl j^j ji* ^ oLjfciJl Jjl^f JsiJI iLiLJ ^yjji ^ 17-16 JiiJl 

. JjUJI jALt-' i** tjjLJI -_JaA.il _'jjlul 4Jj>_il j'jfb'jl ,J,i^ 0_k%_l C_J _uJj. 
4j__Jl i| ki—C—iJf l_j___j^I i__ ill Ji oi—nill J* f iiJl l_i J[ j? J_i _SfcJj 
J_>L Oyyj^Jlj olj-l Jl OjJj <1>uJI 5JJJ (jl liji> Ej4>^l ^A«iJt!l ^fjl^lj . OJ^aII 
. iJl jiiJJ J3JI 'j*Jl jl tjjJl |> liUU Jj>JU (j'if (j> C^*J LfJI jl ) JjUSl 
9jU j],— Li jU_> «L_i —J ■'■-" ' : jl |^_ij Jul OJujli _>jji jljitd j—>uj 

ijj LjJL* __Jj |jj_5y ijij J^^f Li J*i?ji J?^ if t Hj* l jtkf (>ji * (Jj*l JJ 

^Lj o^>yj' o*? t ^>j* y j v^ **o- -^^ ^ 'Vj ■ ■ L^rf^ 1 ^^' 

jJiLt i_Aj ■ jjJ-jUl jJLc ii>*!JI « ^jLu jlj i^"J ii>dJl <i>kJI ii>_Jl 

J^i J_5 ji k^') ! . 17-17 JSJJ'- J ^^ j^ Ui . J_jll >b JL»JI ^u; 

4_ I j ■; i^— fjil tJ__Jl a_ t 5 >>i ij* IjJj J^j— ' ull—fl T^LJi Jrf if ^jJ _ _ >_JI 

.JjjJI >ij JbMULjk* jj^ji II 
i jj^jUt JLi wj^jll ii>Jjl ,> Jil jji 'a'j'+j ill ilhjjlj J^IjaU iuJL L*l 

JL>jJl jl ^4 oi*Jl I^jIjJIj - 17 l(j Ji^Ji jJ ^ jjs Sji UjWl oJlil 

, ^jWI JL>Jlj J>ljJl Jl*J ^ j^ 1 J, j ^ ■ e 1 * 51 - 3 o' SjUI Jy J+J 
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{^^1^JI)> tf UI>iIi 



g^ 1 

+ — ►- 

+ ►- 

+ — *- 
+ — *- 
+ — w- 
+ — ^ 



<Ji) &•!»> &**i>" 



* 



+ 
— ^ 



: 17-16 JUJI jj y»jili ^' (Mi $ 



+ 



JjbJI ^ ^1 J1*J 



i JjaJI ouy K 



H 

+ — > 

+■ — ► 



+ 






/ \ 

117-16 (Jfci 

_ i Liii*i ^j*iB JM tia*^ 

, 4aJU 



•j iUUI oii*^ , afjll ^ ^ •=# ***¥ ^ 17_1 W ^ J 



Qajiinn^.^*,)** 



: 17-1 JjJ» 
( 20'C & ) Jjtf lijljl 



Llll 



1. 00000 
1.006 

2.1 
2.2 
229 

2,9 
6 

27 
38 
81 



( -5*0 ^ ) jUJi 




:17-17 J" 

i>i_lJl Jib JimH JA*i yii u^ 



Jjlj^JI ol^b 17-9 



^ J^ ^j i Jju j>ij *ii*A)i >: u^ f j]ji tpi) ^ 

J>b i jr « g L^i djS tf ^ < 17-18 J**« JJ ^ ^ ^ ^ 

. ^j jjLjji jjUi ^l- jb i^j yai ^^" ^ J^^ ■ Jjif^i ^ 
j_*i, juji oi ill • (WD ^ ± u . JWI ^ * * w ^^ J ' t 1jiil 
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{ ^j^iil J^jJ* ) jiiC juUI J^adJI 







(17-10) 



=17-18 JW 



, Jjlff J>lj 5jjJ*J *A3j ^ixA] jJ^JI jLfull *4 liij 

Jrf 17- 10 aJjWL jkjy q 2 £ r jj f/, il^AJL ^Ul JUwil 0! ■ j^ "S J> 
4 ^2 j-^ yy ^a ^j'Ji* 5j_s j^*j ^j JL»JI (In viWu^ . g jl£i flj *jj 

I ^Qx J^vj vw (?j yJU ijJjlf d-jaJI jli I j£ij 

( ^ tyffi ) (17-11) 



F-A- 



fr 8 



.Jtlp *i Jjl* Jib ^D oU*UJ VJJb -jJ*5 j^B p IJaj 

* d>* ^UlU CuLi 1jJ t oUjviJf yJ-J lSjJUI jjj: Oii jjjj JjWI $ iiij 

li^Jj R* = 81 4 till) . ji^l Uw>i ^U (17-11) UjLII J^^ tfyx 
i MA* ^i'jJJlS j±\ J^L* ^ Lp* till jj IjjiS Jjl £jjSj 6A^Jt2*' 6# »3*ll ij[* 
(j-UjSJI Cl"jjl£llj Na + rJiJ> JI lij^li II4J l*£ K = 2.3 d_^ ^H jilt 

^ i-f^Ji Sj>) . pj^l*! Mj o^Jl L»i NaCl kjjjj till ijli *j &$ , i^ 1 

^Jj-J ' T i-jl*U UJaJI ■OjU *jSj iu> *4>^$tjt) 4*>U*iS oUjlu* J iJjLill ijSljH 

Jji ,>) j-S'i US Lf»^1 ^ -Jjb jjU j^j >i^v ^>w« oUJSJI >ftu j[ 
l l^'ii lit ^ Uwl aJjj Lulj L_u>i LfJSja 4jbu ;»* Ij* jjjj "ij , 17-7 *JUl ji 

. j^i-^jJJI j— is -<{ j +7 uiiUsH^Jlj i>j-»jUI Jjlj-" J-j^* 0-*-^ i* 1 ^- 1 

j^>JJ* -i-IawI Cjuu^j jf ^>j i 'jLJ 64>jU' l»j J4>il ^ Apy Jji* ^>y_p 

JUJIj . (jJjLil ^u jjo*JI jiff dj*3 ,>! ^Uj ^ LiL^I ^jli JjUJj ouji *4 

jji jJLiM t>j)J-4 IJJJ E = Eat IK\$\ (1/K) j I jaw j l! i^aiill JJ jffcjlll Ow ' 

. |^>jUl yJj 4-fJjJf 

E V 

A A 
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( jfj^ jffcjl ) J*» *UI JrfflJI 



c 4*rW aJte ' 



(17-12) 



, U^y JjU j*jj W eJjJ J53 ii*JJ! fr Jyjil 

jjuc j+jJI jjj ^LjL iLlJj L »jL1 JjJI ojU ^Li] %-j U^j Jt*j 



V 



■=* 



iliftl 



: 17-9JUU 

trij>jltl 0^ J-sajj £0 cm 2 ji ^*yJl ijtjM Ji£j ^ *M b-L* o>15 li] 
jljJU U . 120 V LuslJ ^ ii&ti f^jtH >j ij 0.4 mm UjbL iiL* 

■■ . ^:;U',j jM,n..ji 

iJjUJf ) &&$ Uj j^ jiJI j* I n j LaS Jill oLilj i^jW *>La : ^^ 
: J^yjll ,> ji*ju -jlJl 4j*i $ i*Jf Liij* Ijjj ( 17-9 

j ^yji i^ ^i ( Lyyyi j.4^a 4j*^» u : Jt> 

L , jj! LLJiil 

{8.85x10- " C to^(20jd0_^f| 

" (0,4 *10" 3 m) 



c 



= 413pF 

\ q = VC = (1W W.3 x 10' 12 F ) = F5S2 X 1(T* C 

, 4ji*ld1 ^li*jU 4;U1jI ;> jft 

jU . iLU ji ijj* fj s^tu ^ *-» j^Lji Jmi y in^ui ^ j jJ 

? jjjuil jIjL L»j ? _^ J>p»q lYt'C o^ll 
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( rfjfSil d+j*l\ ) jii £jUl j*ill 



ji |>-£oJ ""J Lt5 PjjlAll mLlLu "^ ity ■. txfjiif LujJ. Jki_i j^JJI ii J^l 

v - wt 
r di*J — £ 



ujIl* LJttfl <Jaj^l i^GJI |jb lilj J(T= SI j* (Ql Jj* cjjU .a.^.ai^itj j-«.h 

CW = 81 C™ = (81)(44S x 10" 11 F) = 3,159 nF 

fe,= 12 L 1 V =1.4flV 
HI 



¥> 


-dl J«jI> 0i IJ* 


jkj 


^13 


^ 


Jj JJ^' UxJjl (ji Oil 


jj w" V; 


i*H 


-_jJLII ^u jiiljJl Jl»Ji j4l i-fy* 


■4b 


I ■ 

^HdtifrJj , Ujij ,-AW gli 


*1TCta0 










■ 


<L Kill ji 120/1,48 = 


1,2 In!*** 



( : ^jldiill ail L-iiLJJ {j\ "_£llj iJli£| , jiiiilL 

1 m-aU'u JV,t",„t 
V iLaM ijjO J* ^^ L*J^ V^t^' ^^' **!* (*• ^ I J'J M 

, Viimi = Vvnt = VtaiiHjj ; ijjiV *^^ ^^-* t 
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(^Ij^lJji^Uljrfill 



: iaiu LiL fc*i% . OS nF ^ ji» jjji-i C L.I , fa>fl\ ^ 

= 4.3lxL0- 7 C 

, && cJ!j "tf ^ LjtkJl "d-lj >»jB ^ jj^' 4.2G x 10~ T C 



jjijsii jt) jiyji > ti* auti o^ii 17-10 



■ 

.oLMjiiJl »V 4JL*aJi| ijKll Lil*-Jl j^jlJu lJjiO jl jjjwi 
Jj&JI jj -J^ jj L£ V Ifi^ifi i^lbu oUii* *ftli J^jL Tljl r j«L 

oUi ^ ^ oil ^ , jtii^i > <W **U jtt* l* ii»j , .< ' J l7_19 

uLi . jiiLy . j*ii ^ jj Vis W ^i o^ J V* >Vj i W 

. L^lVI JUI JjbJl Jib i^l ^ V ^ Jj ^ iaJi Ji JSS11 ^ 
^ V OJ£* JS ^ j**JI # t ( 1 1 17-19 Jiiil jJ Ui^l *ll*ll jij 

: V UjUi* UJ^ Ji*g w Ujlji* *i*i ^j^ <-»?- 1M9 JiiJI ji ^ ! 



6&3 



{ jjj^Jl >W ) >* £ LJ1 j^jdi 



yjp uui^ ui_lsU <^aa ( i ) 

, i i«,.M i u „ Hu h '/"'k v yiiji 
j—Lti] JjjiiJl uLJl ^iL|SLt JLdJ 
pi$J ( 4 — Ji)i ) Aiiliiil L-ul 41 _»ii 




Cm C\ Cj C 5 



C^.C| + C 2 + Cj 



,C„-CifCi + Ci + +.C* (17-13) 

^ yill liA jip jltyj . Lil>i ut tLt iLs* ol*& Syi ( v ) 17-19 Jidi ^ 

, 4£j*»J! elfi *5jl£U IJiSl i«JI jLjuL itiut , Jljl]l ^k J^jjfl **' Jd^ 1 

ijjVi (JjiJij 5 i^M y^jJi jj-LJi .4-* ^ ^ ^^* j ^' ^-^^ j*^*' 

* 7 LiJyJl tip^ 13* J*j . t-JUl uijiJl if* (/* jit (j^u- £3 JJitJi 

ilj^lll yLj-jUl LO-^j . L+JUit jljjll ^ £, ILull bj«tJj ji* A^JI 

i*# ^ jib jflj . (v) 17-18 JisJl ^ ™Jy j* US" otttiHJ M ^l/ll 

-ipVl ^ l^U 4WJ j*ji oJi 1 ^> JLji ji y Li ^ 4il i>^ I 111 
5U^ Li* jL>£ Ci J&J1 j-Ji\ yJJIj C T i uiSSJ c^Vl j.j«lj , $iM 

of ji ■ g-o*& aa^i 64>jiii l>* *jii' ^ <% ■ 0^ ^ ^^ 'jj*- 

^ ■ 

: iiJiiu ( if* j^ji ) 



7,= 



1 C 



7 --?- 



V^± 



: v LKJI Uljill l^ Jj ^) ^» J«j ^^ll oUJyJI o|i iB3 ji* o^j 

Cj Lj tg 

j (j^j v Ljtjyii *ts *-jiy 1 cm <? u»«ji u*-^ yuif j^iii jssiij 
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(^j^A^jfcflUlJ^I 



!ji ±^> V ^ i^jJiJuJI C«i» 5ljLiy . V-CjlCtq 



v.J-.i + i + i 

3 



C «i ^1 ^2 * 



wjLwili o-« n jjuc jj* MuiJi ^j Ujuii yi> b* q ji^ 1 j l ^ 1 -^j 

f -£ + r + r + + ^ (1H4) 

V^ JtfU jli*l Jt UJj . yL*Jl &• t$ [ K* J ht* & ] ^ ^ 



17-4 l f&y JU» 

ix^J! ^>i , C 3 =6nF j Ci = 4nF j Ci = S nF ati& &0 iW u' »' 
, JljSlI jk (y) j iljljifl J* ( }) ^UiSJLi |j« ^j lij titw 

Cpr-fr + Cs + C 3 = 3 nF + 4nK + 6n = 13 nF 

: olyltfl **3 Jj-i Jljtt j^ IjI 

C 3nF 4nF 6nF 







1 5Bi .12 nF j*; L^ii. U& j*jI 


1 


4 + 3 + 2 
l2nF 


9 
12nP 

; jLuii lit v_Jj l^ tijWJ 


Lurr = 


12 nF _ 


1.83 nF 



. i (133 < 2) ji hyM '*** /-i 6- j«i^ J**^ / ^* jl1 oifl J 



0j*i*JJS*>lij3ill«IWI 17-11 



^j ^ li* 4^ jj*i pwj . ^ W gjj Sit ;y*iI1 JJ£< Ojiij 

, o->jUl Jl ^iJ 1 J**j3J 4Ji AijllsjJl J^ Jill 
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( ^Ul jlj^JL ) y* gU\ >W 



yAj J OljJ| JJ*J j**jDl J| 1+JjJjJ fc» AlJ 4i*iiJl y* 5j,jAj} Jj^l iijA is 

JLf yjj A(^,i> JjTll feidl Jjj IjJj gjijhJdl j** i>j*j^ j^ H^ dj* ^ 
jjus Ag/C LikJ^i jj_U ^tJ L^Ls JjLi Jjj JJ rM iJbJl A^f LI . JJLi Ljf 
j+*Jl jji ^ Jiill &, 4j}II ULlL- Ag ^ LJlidl oLJjJI jls I j&j , ji*jUl 

(j-j 4a|j _^-l r^yj ■ - ai>$\ jl* oti#vJJI i5Ijj 4J»^U j'jtL JjLnJI j5 JiL 

^jaAII ^JLj-jjUl j^ jlLf-lJl opJi jji y 7 iiu> i AqV &jijJL J*i Jl hq 
'L^i\ jj^-j y LfLSL il*£tl Jj^J && Jjlil jlfll JjLiil jj# lit; , £Uj 

L_ jit J y>]ja.\ CM j2> ^Jliili jj : , -» Djxi* t-^ 1 j* Jjj^l' ^LLJ i ^ J yjj i y-V 







4cv 2 = 



V 



■jr-fi7.au 



(17 IE)) 



^Jl^yiysiilwIWI 17-12 



t ±CV 2 j* yj^k Jui* j/ ^>*if SLUI1 oT jfUl pJl\ J lii/ ill 

jtf £i 4JI |> ^ijjl if j , C 4jji»i tiJJI Jilill jta litiiyi iJJjiJI j» V i*> 
LU»i i^JwLJl y* jiij 4JI II J l iilJaJl ill jViJO yjlj uu£ 4JJj JJtM yl ^jflviJ' 

, Jiill ^ J te ^II| ^j^JI JL^JI ^ yyiu 4JtUl y] jk J*fjl j* jtt yl 

OjI*il iiUsJl 5JjLlU yjS jjLlO j! L^jb y_$! JUtJ jUj^l J LiUJl & Jjfjfl 

^y J-jjj jjjl yi—il jj i/ <±j-i> : V = Ed t jU !Ji->jUI lSj'ja* j^*u 

: ^ yj> JJI jjlijij JlL. J Dji^ui ulLJI jls lis Jtj 
2 2 

u Li li| L*i - ,ji>_jUI |j^ Mji JiJo* ujis! Lite dJjj i r-^ll i*L*i j* A du* 

. C = KG Aid £** "JjUii yt* A' »jUi J/ ^Li ji JjUi iiJ^ 

: jj Jj; utlilj SJjUj ji DJj* C iiji ,> ^^oJbj 

f_^>JI 1 j_>f JJ-1JW jl _ J-lSlJ ^p?- J yJJ JJ^JI {** p (Ad) jljiH yi i>)b 

Uj[3 »_*>JI ^ iJ;Ul ^^ it-i JJtf . IwU $#$$ JL*^ 1 ^ 6^ JJJ' 



■ 656 



(^'^O^ffW'J^ 1 



jj Uui- L^i ^ ji\ 4JLUI 15! i j»j**JI Ij»j ji oW >* J* J*^ 
: £ j* l*J ^jfflf JL^Ji ty& yll ttLill ill; &. p**A *J>j 

(f JTCo P j - p**JI 5i>j y A*U*I1 = «1WI 2W ( 17 " 16 > 

JL*JI Kji «^i ^ wwL^ tUriUl o* fJ **ll S^>j ^ tj3*Jl SJUJI flii ^ 
jj UM oJi Uik 17-1 6 UjIaII fi*&**i fci "U y^Lli g-g . ^4^ 
t &+ Lfll* UW *hJIj oiiiil *j & ja^I lia tf j> f*jll J*j ■ j^t* ^ 

pJbull Jliai 



: J» Ijjl* jj£ oi -** J- 3 ^ 'j* ^' *j u^ 1 
Jjj ( * ] , i^JI jjLJ f ^j ^ij J++JI tSilvJ ifi MO ^ ^ (V) ^ J+^Jl j> { i ) J>J J 1 

, ^Ijtfl ^j jljill J* J^3=JI ( j ) .i yWI JUS ( i) ) 4 JjUl ( J ) 
, ( „4J1 ji ) j^l J| *J£ &»* t*A ^> J Jji^l l^ 1 j*"* Lii * ^ to A ** il J> V->J u'S 

. jjyu ptiu ^ JLv in *a ®»* J to^ J to ^ <y v-* 3 ff 3 

. ik^u Jflj* J JUJI J»|l»>j ApJl oLjLi LkiJ jl 4 
. jJ^m j ajiiu Jiljj y ^-^Va£ o}WI ^j>W 1 5 

. iHi! JS jlj»- iipy Sjjw SjUu oLi*J w* p '^1 « !• 3* j* J^ a*** 1 *-* rf 7 
u^JI jIjJU Ui cvUi^Jj . jfjfJJ Ca« 3> J^ e$j* v« 6J* 4 * f*-* ^ m J J*^ 1 V-**^ 8 

. Jjjjll ^k "JLOi ^>lj tf)I^H jl* ilAU cl^ WSi iJl ^^ J is 



; Ljb}J CAjI JHJ ^h« o!l1>j 



(V) ^1 **JI 5^>j 



1 valt (V) - 1 J/C 
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{ j^+3jI -M^JI ) jif *jLJI JjsiJl 



(ftViywdfjI.^aiiyii^j 

leV=1.6xlU-' 9 J 

1 farad (fl = 1 C/V 

; 4j*jLjI ^jU*j olijuu 

gftjfl i% (V) jj^l jt^jl 

ilL" ^ lij_JU L^j* ii^i «Jy tilt jj jjifl tjl ^i* 5 * A ;>uLiJ ^ ( UJjJJl ) ^^1 a^I ^j jjiJl jj^ 

: Mib- 

. JS jUuI ^ olL B j A ^ iiUil ^ d ^^ 

: volt/muter j^ ^j^i JLaJJ iWl SI »±*j 3 
lWC = lV/m 
* JaL-J * L^JLs 4JLJI iLi*JJi Li . Aj*ll Liiio^ jjil Jl a^JJ i*is^ ilkU ■> j^> *^ kO « JiLj » 4 
. B_jJ-Jt oll>viJI «jj Oil ,,sdi>ju 0^L*Jl ^' jJj ■ ^1 L*J+* jtk J! J*^ 1 i-s**« jtli* £4 

, Vak 1 4 $* J£l L***-Jl liljLiil *^jy I jj W Ij+iU 4*^1 SjU^I ^ 

*jj* J5 jj tJuUlt DAB Af>JI ol^jLi* ^_j£j , Af^JI LjLjLud ±pil iulil) 1+JJl Clj rkJ*i\ jl J?jk>Jl Li « M j 6 

, UjLu>l V' Iji-u L^js ApJl jji UiiJ JliJl jjlu 
^4> V = Q Uitf ^JJI iLuJI jUi*l bfii { 4^iJI c*ti»uUI aUj ^s Ljj ) jjji]! JjUI ciIj otixlll L-JJLj 

, BWlftfl^lBJi Jil jMI Af*ll jhufi&ij * £a%F*» 



r 4ic^r 



c l^Lj JJjkj ijjuj ytj uJjUl J5*1j jLajI iLukftl Ijl 1 



fjii ( x& lijj ) iokJji *5lj] j^ i* 4l*Jl iw Ijitf o^ ^Ijj^l ^ jjj^i iljVl ui J! <*JJ DjA^lJl ^Ul ja^j 2 
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{ jj^ffll Jk#*J1 ) f* £^1 ^ 



: ^ JSfli 

C = ivE^r : (/ J? U>i i>»: iJ>uj 8/ U* ^ 

JjIjaJI 

: aWL Jj*,y JjWI JoJ £ JjJl eylSi jm JW 
#=— 



J\Ul J JUJI 

: i*5l* 

jl A/it Ulw^l lil jt^l J ii>l 6i*d>>J^ jill J3LJI j^j ol* ^ J * > -k) 3 ** 11 ^ u J 5 j» 3 

1 

, ii tjli 

: j* tfjijSJl jl* 4Loll otilsai ^ n wJ iSH£ll ySJI 4*J ijfl 
C pa , = Ci + Ci t Cs + ,...,. + c* 

X=± + J- + -J + + J- 

C Mt C, C 2 Cj v„ 

, { C **Jl y-ii i*J*^- UjJ Cljl5 lij 

^ q UJjL iixi >^j C ^ JiS* J iijiiJi Silt!" 

V 
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{ uijtftt M*M ) >* £^l J-aill 









: olW^ E t^si Jj»oJI 5^ 6j& tttiv UnjJjllj ( fj**Jl «jl>j J iSlkll ji ) iiLfcJl oltf Jug 

6 

. »^JI ta ^Jl jjUJ JjaJI oylS j* K it** 

1>J_>J y-i <L*J* jLo>l LbJ Ji> J JjLi Jj*J yj -til DjJjjJl^ I jfl Jjy J* . JLf*J* t/At Jlfi B j A u^siUL 1 

. r _^i 1 I ^S'l jj A ikuii y* itfjji J*» ^3 »p Li jij; yt *;i JJi ^ Jj> « j^i jj yAJi 

. -yll ? ***] I JjLj L4^ Jjlly jl jl^ J* 2 

J_ft , IjJLj ijLl^l _j u^jIJlu} jIjuLLI jj jjJyjb<M j j jj jkl .' ysJJ^i 0# uLJl JLuij ii* jliul IfJl yjSu 3 

, TJ ii !: UiZUi »i* JJ LL^Ul y* il^li L*y ^tfi*l L*Ji Ji; ^ Jii *i J ^ ^ l**lj l]U j*o u i ili&y 

j_^£|! JUjl y| cJli . tillljj^f j_jjJj o>; a^sJI ^jLJ ««<>. j^aJ U jjj ^i iUlaJ jl i^ii* y* Wi( li| 4 

| jfa, j*$ j* JLia ^^ JL*JI jl Ji ^ J*i t [jLi L iLii y jlhll ^»JI ytf jl 5 

? d,tt lf|i jJktl ApJl jjSj &U ji ^^Jl JM C^ lil* 6 
LjJ II* jji^ yL»^ . <j£jjli--j^ J^J o>J Atfj-Jl y*fc ji£ yjif ( j 3 *" J i$* f-*-^ £*** il' *=*$ 7 

^Iju j_L Jj^i , yoaJI Ia^cju y* Ij^jw uL>^Ul v 1 ^' 1^ - ff *^ J ^**^ ^^ ii^ ^J^ il*!^^' Jj'j** v -*^ 
f yi*o yj tjjL* y< JjjJi JiS iJi>j IJL*j li*«]i JOA *LUI i^Jl jjS jjwj Jaj <" lili , W Ji^ (jl 
S I^La ijill JiL jiLil ^pJl yjir J* * iixlJf lis juj ^! . 4(/ UjIjLi 'iX>*ij »Usuj1j ^>*^J **^ IjjJt ij£ & 

xiii IjUj , *j^jW "i 4 J* 6 s^j --11 . jiSl iJtk'L iJlfij ujJLil jJi*ll jM^JI Jrfyj Lm^ ( JU j+> jj-a* 
^jLaJ jj L L^JB d^j LJLXt jJ gbjSJl c^^i &) >-£q )+q oii»-i y^U*3j jbLUi ^l^jli jbjS 11 
Jjl^ yU luill si* y# ^^411 JbfJl »jJ ojIj |jj 4^1 ji« liij 30,000 V/cm _p: -Ij^JJ ^h^I i^l ^ 12 

J;- ^ yJJ i^_%JI jjj ljL>J 4j^UI Pi» |»J>0wl . « jJj^ jUfJI » ^J* 4-11 Jii; Jjjjij | tl^JI J^3- jliL. 

f £ 

. il> liU ^*Jl j_j£ y4* j^-i^f ajLj- J*k jl* t>* ^*Jjj' j 1 jift **r^ ^W- 1 j^ 
, 50™ U^y ^ja* 6j5 jji )+*,* y£^ jj)i v^l jlJA* «**^ ^ U1 ^'P 1 ^ "j'y ^W J! ^fJ 1 13 

JJI J_flii i^ y^^^l yjj* y^ &$ i&rtyitJH-fittxP "*#*** kjfi" j^ ^ lo> iJJ J^ i*! 
, I J* UJiji jjSe- JJI y* VJ 1 ^ ^J^ 1 J M lj]J ^ J**H d>J \'** ^j JJ( 6 15 'J|* ■ ^ Ul ^M^i 

-660- 



(^jj^lj^JIJj^gjUlJrtH 



t ( 12 J; JijJl >il ) aw* ji^i AjJ> v^ ^i > vj^ ( ^1 ^ ) ^ *Ur o£H * ^ 




ifjle jtii* 




17-1 f jSi 



UjjjSJlu'j'^1 jLiluL 



JjLj 



17-44 17-1 6* fLftl 
^ J>JI Ji 9,0 V UJj5 ^ILI yO JjW * +B.0/IC i*> K*A J-*J <J* v«Jj" J"" J >jit U ! 

t, yUi ^i * 3-0 v l^Jji a^u jui j>il J **jU j>i' iX u^l J^ *b* v^V W* ^ 2 



JUJI W j-* U ( i ) . 1.5 V [£$ LjlL ^ 0.6 nun 1*j1ju *iU U*-^ ^jS* &I**m dN >J 3 
^J y> b ( i ) . S0O0 V/m ^ 0.3 mm l*jt»* *JU M^" ^ ^^ GffJ 1 to j^ 1 J w ' W ** 4 

f w^i te w on* ^ A J 1 W > u M <■ H" * ^ [ 

E vfl&f JU» W ttti* ^ o^40 cm UjlJi. IiU U^j^jH 1 > A&W B J A *™ fil 

^J| ^ ^ ji 4000 V/m i/U, u^j ^ * jH 1 Mi «W rfl** 1 W< ^ >^*^J U 

& , (16, 0, 0) M t (0, 0, ft) ( i ) : jUL t*i- I- ^ W U**» W*l ^ M J ^ M ^ 

f-12, 10, 12> ( o > ; (0,0, 10) 

! 350 N/G ^ ^ ^^ JbN J!^^ * ™ ^ "^^ ^» ^ ^ J J yi ^' J,iU , L S 
, y ^ ^"b i^j 2800 V/m u*i ^^ ^ ^ ^ ^ o^l^l >i ^ ^ ^1 ^ 9 ■ 

Jul ^ u (v) ■ »* 10 " m/E Ji ^r ji* >i ^ art ^>^ tiiJl ^ ^ jl ( ' ' ' ^ 
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( jtjfll j^JI ) jW gUI J^iJI 



cJLS >■ , ; ^ ; jj^-S JUn jJa J . 6.0 x 10* m/s Ujlji* tej* uusjll x jj*J AaA J* ^y Jj*jj 10 ■ 
^ *S (v) ! 3 m Ujljl, "iil— Jilu J ju4 ujJj^l «^ jl4»j* U ()) . Ej »& »0 t & = -500 V/m 

^V ■ ■ ' 

! 1(1= mfc j| J^j Ipj^ Jl j^Jl > ^ i.i <J Jjji 01 J*> !^>il ^ ^ > ^' ^ &• j ,a L 12 

. ^■■■2* tf |*435«JiUiiB H = 4x 1.66x10 "kg j* Uii ^ ilsS ) 

. 1.5 cm ^ o**jDI ^ ^L-ll *$ ^ ■ 2fi > 000 V ^ 6K3^ j 1 ** t/ gH 11 j*$ ^ ^ ^ S» 13 

f j/H L p\ *& & jJi r i jl*i *#* ^ jiffll j# 

V U.2 keV OL ^j U r J& p I* (v) * 2.4 keV ^Ifc ijjy b r jljL jj L. ( i ) 16 

V CO x 10 r ' m/s UjIjw ijllil ^j-j i)j>k ,ji/5J| J^ FJ^JI -i^ 1 1^ j 1 ^ L» .17 

U1UI jlji L ( I ) . 7,2 MeV (^ » 2 b tfUij m = 4 x 1,66 x KT" kg ^±5 ) ttH ^ M> 5lt AlJ 18 

? ^IbJ! w jl ^ 
ijl±jL j^JJ j^i J^> C ? ff = 3 e. C^4 } m a m 6,94 x 1.66 X 10"" kg tib* ) ^ ^ f ^iJ ^1 pUl M 

f ^Vl fcj- jIja* U ? cJji ij^^l el^jt ^j*-'l ull» M g* ** ■ 7200V 
f ijii **i*i j* U . 2,0 x 10" 15 J A^» «!lt dbjlf ji* 417 V 5j Ij« j+^JI j> JS* ^1 ^ 20 

ajjs^ii ii^> ou> ^ Uj j cjy c^^i oii^ ot^i Hj> aiii jiii j#U { 1 ) , 2.^0,000 v 

U* oltu Mu*.yi *jJI pJ JUL £jJJ< <> ^ J Ji ( 1 ) ■ SO V ^jlj^ ^>jJ cj^ ^«JI Jjj ^ 22 - 

* 100 v 4j i^ ^113/Ji^S^ ^ 6 °i jC ^^ ^^ ^>*^ r^ ^^^ ^' aw< ;ljij L 23 

ttjjl jljJi, jj L. , 30 V bjIjL j^?JJ j J J^ 4.0 x 10 e m/s UjlA i* w J^u ^SSJ { j-jU ) jV^ 24 
^ jlU, L 4.0 x 10" m/s Ul^l ^^ ^ ^ 6.0 x 10" m/s l*jlj** jtfj Orji ^ ! -*^' ^' ^^ 25 ' 
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(j^Dlji^ljjMgUIJ-iJi 



. aooov^i to **n ^ l^j ■ ^r t f^^ L ^ 6* ^^ ^ ^ ^ bm Jii 26 

17-6 fJll 

j KJ J^l * 76 .* ^ 8^1 UO ^ lil L<p 3L^ > U x W u in isL- j-J *1* i* jMl Jt*H j* l* 27 



U 28 



. 0.G1 xlO 1Q m 6>i ui-i > ji jyjj^ 1 Jj> iJrt-Ji^ 1 V J** $$ J &*$ ^ '® 
U* -5.0 m C jjkty *l^l J-' ^ ■* +*■<> ^ C UjljS* *i*i ; * jH 1 > ^ ^^ **** S0 

jj.il j^*H j. U . 40 cm *Ji Jjt ^ W» fllO" * "^ ^ V* JS ' V* *^ fiJ **j 3l 

. ^ ^ oL>Jl jj*l ^ j) 31 jjUi yUl i*1 32 
^ t 6.0 x 10" 3 C Ujl^ tf>l &O c^jj > oyi^^f! jJ *l*i * -i0 x 10" 9 C W* <i*J ^ 33 . 

U> j^i U*J c^j fJ . ^L dfipft oi^ ^i^ ^ (0, 1.0) "Jail * «VC UjUi. ^i c^j 34 

.(i.o, o) ( V ) : i-u 0) [ i ) ^ f^Ji ^ o* ^lii jlWI ^Ji ^'. (-M 0) ^ -*^ c 
LUi ±J» ( I ) jJWi **JI j* ^ ■ 40cm \*J£ UU Lh-L-4= «2 = *nC ^i = -5nC ^1 o^^ 1 35" 

1 v Lf*k- Ji* jIUI J**" jtaSi ^ ffi J>^1 fU^ 

17-7 ^JJI 

.U, L .9.0 V tyfc L^ ^f Jji ^ LB /'■ C Ujii* i^4 '^ ^j j^ ^^ ^ f ^ ^ L ^ 37 

f JKH illi I- 

I 840 V ,j|* ^* 5p o*-^ feaP *^ J* ^ SSM>I > U 38 

S UJljLL U. 34.0 J 18.0 i.l^^Jlj>^^ M-OMCjlAf JSL ^ ^ H*iH ^ »■ 

^J ^ jT*U ^ U . 0.4 iiV, Jlill U, ^ 0.05 mm ^1 j$f, J&j>}bn HUI ^ ^0 

JL*JI jlii ^ U , 0.5 -inn btjl* «U Ufi^Jj 280 cn.2 ^1 ltj^ ^^ ^ ^ ^ ^ ULj 41 ' 

toi^tflfi . clj. A3tt ^1 i*^ ^U U- oU ^1 iU!^ J& j*j»6h.*H« J J 1 42 
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( jJjfSJI i#*H ) J& ajUI ^UsiJI 



, 360 cm- i*j '■ J_£ i>Ln Li^Li' *iiit . 0.05 mm id Ji oLu l-j ' "■*"; ^LtjItL Apy j^Ju« jl>d ^j 43* 
Ojlkjg J_al,[ L-lifl jJiiL Uj2*iil OJvill jfjL It (y) . j^jJJl jfc Mj! U*J jl iijA^Jl 4** J^jl ( 1 ) 

T 9.0 V IfjjJ 
18-9 j 17-8 ^U 

, tf = 4.0 UJ}e c^L5 i^ib 5jUj ^>>UI &? >*ll ^1* jJ (43) |i> *JUI ^ fy) j { T ) &*}*JI j*1 44 

^j> jjJI U*JJl jIjJu L* , 3,0 x 10 c V/m j*i p j^l JUJI axi oj!j IjJ dj*JI ^ ijlji i^tfv 46 ■ 
j« J£ t*Lu jjj*i f OjljiJI iii>J jl JJ "L^jJ j# *l_j_» Jls-j^j 'Si) pF ijutj j*>yui dSjIj** *-*^* jr^* 

, 30 cm* gpjtN 

UaH *_ litj Ltlii . Vo tjlji* i^sJJ jji ^^^ i^jiLr Lfiip 28 nC 1*jIj*i 5o>*i J*>j l^jJJI Jjlji* jjlj* *J&> 47 ■ 
^U jj L. . Vo jj* Lib* ij^JI jjj JJa^ ^ jj 48 nC AV j** Jk$ t*ill jli L L* J^L-j j*>jUI &j 

1 JiLJ J3JI 
y*I1 ^ Ljitj L^O ^ J*J pJ 120 V ^ j* j^JI y ^J jl Ji j^jUl tfjl^ ^ Jl£. iPJ 48 ■ 

¥ rl*)Jl Jj* C**tt y, L , 3D V Jl V Jiill j4t J+^JI jj* jli rl^l! ji i*la*< CL*J jj^jlSI ojj 

17-10 ^Ul 
i*_Jl ^ L, { i ) , 9,0 V Lp*i ^Iktf ip^l ^j ^j c lSjI^ 1 j^ c 2= l2 : /tp'j Ci = 6^iC , jlii£i Jjj 4S 

? j^l jo . JS ji ^>^il ii*Jjl ^ U ^») ! jJi^lI ,> J£ j^ i^! Jjj j* L. ( V ) ^ ; ^y**JJ ^ill 
* U^^JJ Lliliil LuJi ( l ) j^rjl , 9,0 V L^ji ^LLv *i JljSJI Jfi 4iLJ! iJ'Ul ^ ^ill jLii£JI j!*J 50, 

. Ji^ J5" Ji- ~4*si\ pfl ) J& JS j^ jlrJI j> (y) 
jli li| U^^JJ i^lSil Ulj»jl(i). LLC3 = 120pFLCj«60pFcC] = 40pF J AcLi^i^^ 51 

? JlpJI > J^jsll jL5 Qj 3iii£l 4*JI ^ L. (y) t jjfyJl jl* J^jaJI 
LtAis ^ .') ^ [ (JjSj JJi J£ jk itfOJI j^jl , fl.O V L^j^ Ljlli^ 51 ijLil J jjSMl ^^>JS dUj 52 

jj* Uxifl ^.jl , 120 V ^Jjl ^jUs^j 40 pF 4i*- li&j 0,5^C CmUJ&.^SJj JjJll ^p <Li* %^yij 53 1 
v LjlkJl ^ jjlj^l jk ^j lil j*^i in JS JLp 4^-iJl jIjK* Uj . jjJiai ,> JS 

: ^Ji^ 3jJ^ yUH i^UiSJI JjjjJ Jic L^jl* JjjuJI jim 01JJ ^ f5 54 * 
fipF f ^Iwjt^j'ie/lFiSjiF t 4/iF 

■J 17-2 . ^J! jJ 4_3wjl11 IJLjiJL, ^Lii£j ^jji oL^ 55 1 




m 



P> e j^jjl ljjJj Jii Ji' jie iifciJi {y) j 4*^J ^JLH^ 



17-2 f Jii 



664 



( ^j^SJI Jf?JI ) ji* £jUI J*ill 



17-ia j 17-11 iiU-ili 

^UJf U (v) J JlJSI' iU5 **- a-i -U { I ) . 45jttC l*Jii, i«*s ^yj 120 V L^ji ^jlLu J** JS£* 56 

, 17-2 f J£i!| jj Uljll olilill i> JS ji iijaJI Slkll ,i*,i 58 i 
C^^JI ^h j**^ ^ - 0,5 mm UjIjaj JiLi .j nfy 4 cm? -u*jJ ^ Ji" UU jULj jj»y)j ^}1jJ* J& 59 
Lijjl J^LJl ^i L, f ,^iij j^ iilkJi ^ ^ Jftlb 12 V Lp^ IjjlL iL*j IjJj , K- 8 LJj* l^L5 SjLu 

L»jIjum «L* UjJLaij ^Iji* LJAjlil 6i>jJ ^ Jap- IkJu +30 nC UjIjL !u*j J+aJ 5 oJLb i^ oiip 80 ■ 
v Sjill UK jj Li t j^i* j^i-^ 1 j* *i)l ftjp 6000 V o^l ^ i+*Jl ^ £j£ -Wis* ( I } , 40«a 

1*jJuj jf^Ji jjij jAj-dj ij^jly* yj>y ^ 5,0 cm Ujfjju 4iL** J*a*j 61 ■■ 
j^j JjjJI Ji ( m s 2 x 10"* u Litf ) ij^ ij5' c4tj t 8000 V 
W iljftl **j Jl jjSJl Jv^j il»S' Tl (|JJI wjjfl JspJl jlL^ , -jp-^l 

bj-*; 17- 3 f J_iiJI ^ *-aj!1 ^ii-JI *jJJl o-- Oj-'Jjf JJ-* fi2 ■■ 
l»)yJl j+aJ ] iij-J jIja* y U , JSiJI ^i i^jdl 4jjIj^ m = 4 x 10 1 m/s 




17-a f j£& 



^ . 3000 V ^yjl ^ j^l jji iiij t 4^11 ^jljJL 17-3 r J£HI J ^1 ^JUI -jOI ^ &j^fl| J^ 63 ■ 

-Kin v j\ r b >T ^ j*; i 17-4 r j£iJ| ji ^j)U A ylJi i> ojt^l J^ 5 fi4 
.jj+^JI oJ* C j tf * A rljJ^I c^LSj , w = 4,0 x W m/s a^I^I ^ J 
^ oU^I gl LL^ji lijj , ^yjl J* -100 V . V i -12DV 

. & = 10,0 cm j (i = 8.0 cm ^id r ijJU* C 
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17-4 f j£s 



jljd* Li . cjLuIj>)!I ^Lsi LIsaj Jutf 10.0 // C UjIjaj ^aj ^jO & 65 
Jj l,l^VL, o* 3.0 p C UjlA ^ r *W jU*V iJi ujUJl J-JLJJl 

l'x = 20,0cm plJ^II 
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( jJj+SJI a+*JI ) jicp .vU'l JmmJI 



■ 






. 









ga = 20.0 fi G iJuij i_bo ^ Ijjul, +4.fl cm iiU Jt) y jj*Jl jU gi = 0,2 |U C jld>l ^>»J c^ 66 ■■ 
L^iJ Lu^l ^-ijl lilt ^J ^1 p I, , iuill U*JJI y» ^jll ^ liL^j a- jj^iil i>ji^ 9,0cm 4JU 

,]-u>3 'ij5}\ c^Uj , SjLjt- Ijj_j£ 4_Jji j5jj jjjt jyJj kp- 4uiijj 3.0 cm btjaj JLaJ ij^LiJ ^j** Sj5 oil* 67 ■ 

? iijiJl jlji^.* iij£]l ^ ^ytSlI J+aJl jji ji b , -6 x 10 H C Ujlj^ iJ*4 

< 3 /i F (v) (12/i F ( i ) ^ UDI 4^*J[ u* jj£ ^ 3 jiF L^i. J5 ou* oliik ln^t J^ji ji* J^5 68 1 

VL5/iF (j) i L2/iF(jf) 
jtsi Ju&u JUdjj H)IM Cj-* J-iill J-ji -j . 12 V Lpyi LjLLj <iLdyj jJTjj 1.0 /i F ti*u Jli* £*4 69 1 

cwLS IjjJ , 4_v^iJi 'UaiLJL wjlj_Lul £jIj-»J ;jjj ^-^-y fy iiLlI ^xw ^£«j jj>mJI ijjIjm '-^ J ^ ' 
JJS1\ ij^Ji Jj , y(j pF ijujl -juai £ A«jyi J jjiJ Ljjjsj 40 pF jji; i*Jl jja A ^jJl y 3j**Jl 
jjj ii J| Sj*iJI ***j j|«2j LfjLLJl ^i£)j u . 4 ^ijli ^ u*iJl ^Li Ujit 9,0 V L^y *jj ! iu ILJji 
^jJ jIjaj U (y) V A -l^JI J) bj^bJI ^jSs Ujj^ JSiii If. i±*£}\ jijL L ( I ) . vi* U>^l j^juj tjl 

, fi 5*^11 Jl A iftiW wj ^ J&ll j^S il^ ^i*^ 1 J! *J-^ "^j^ 1 ^i jl ™ *Ji— If j*i 71 n 




UjJrf 17-5 ^ JUL IajjJI Lt > **JU UMAl i*J! j^ji 73 1 



S ^ijiil ^oL 



17-5 ^Jii 



, S <.1SU! ,jl* jie 17-5 » JiiiL L^yi Lcy^U UilSli Ui ^| 74 ■ 

JJ Lj L^: ; JJii 100 V dJjL j^jn- jjj Ji> AJj\ J» 6 /l F <!*-, ^^j 4 /J F 4Ja* Lwji>I i^l# >J 75 
JLJI r jJUlj jJ-^U v^->H rjfik Uaa?-^ v^J^ 1 ^j^ 1 J^j k;^ 1 ^ ^ u' ^ ■ h& J? *"** J* 
, jitiill ,> J^ Jb: luL^Ji 4lhitl (v) ! b^ 1 j* tfj* J*^ 1 ( b ^ ■ J^ ^^ T^ 1 * w *^ 
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HtfUSI ^31 cj\i?*iA\ ^y* ^Ul ,^L^ ^ U-j 

Ji ^1)1 ji . Si* i jJ^ Jj** ul*l* JS> 4*JJklll 
I j_jjl Jl -Lit jjjj Lj1*i . . Lfj'HjJlJ J oUls^I jjj* 

■SJ- LJWj LJi» oU*^Jl jjjjj &4* t Lsjiljj jj lS^w ii,iJl (ae) jjjSll j^U J*C Jjlill ^ kLJI 
^ s (dc) ji^JI jUdl yljj Ul> ^j "ijl iw*3l LiSLuj tt>oll ^Lbs^JJ bl«I>i Ij^w Ujf 1| i dU^.\ 
J* Jli. ( [JbJl Sj^Jl y ) tl^JL jlJ3 ^1 ijUlj . L0> dL^jI ^ &i tyj jlsjll JS* oUdl j^ 

, jjjl jl^l jSIjj f I1MJ 



^IjU! 18-1 



jj+iJ! ,LJi i^li jJL <_$*£ JLy*lj 4-S^L oLsJJJ t&SilL UfL 
$* jU Jli jJ> jj(J jjlj t oL*ii ^ii. *> A ^ M J ^/ il 
JJ* gx^l i)+-iJ jj >AL^ ) dqjtfty' _ji cjLi^SSS 5J^1I oL^JI 
g&jjl i liJji u-JLj ( LJLiJl jjJ* oJJjjSNI &» Lj> JJiS iljill sk 
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{ jtiA\ jUH jil^j ) ji* ^IJJI J^l 



uLIj^iJJ.4 ^jj ji j"jl lj_£-jj |_f J llji t iIjLokJJI yj Ldji L_ulJ J^l> ijQl l«j*Jl i)JA Jiijj 

: />jJL> 
:1B-I JS*; ^i** <J»*j jJ^ ifl UjijJid cc»vi Ji>J o^>Jl jli M UjIjL S^j »jia J 

y— *j ji uO jSi (> A? UjlJii : Ji^ ty& 

J = -7 (1M) 

A/ 

. ^ g*d is ja pjjs y jji ji^ij si oij>jj 

. (C/s) 4J[J JU j»|j fJ )yr = (A) a^ljJI j^ity 

Li Ll^ jji / j Ag y* 5tf tjLi i L*^ iijsJl ^ ^1 cA^JAl ^tf IJJj 
Ij^Jj , LJL-. yjX J j Aq ^ i£ $ ^JU oli**^ ,> uiJb iftJjvJI cutS Ijj 

O^U^I yL*lj J^uJvU ^jjl ijb«]1 oCl>JI yl OJU J iu> ijL ( yjjjjlj Jjj 

y_. 4Jh ji* . SJUJl !_i*ifl ^JJu UliJ jLuJl J^ yi Ju^j 1 oUjjj&Jl ^ 

ijj*i jLi jLijJl jLi 1 Lo%Jl c/slSL SjLil Jyu yl JJ_j ; l^wjl^l L*Ul 
ULi\ "iliJlj i^jj HftjJi jjn yai jiliil yS Jjj Jjjjoll j^ P l3J[ Jlii 
^ Jj Afrjw dy-i'i'l ji SjUl oljLuIJ iUJl Juj^Jl I J* jiw I JU JyO jiJj 

W^*" ^ . 1 ^* $* ■■' : yj 18-1 SJjUlb jJJ XJI ji jUJj yl5 i i/ ijljj* y*j 

yi A Jli uijjil^ ^sL, Jili JidjlA^ Ll*JJI li^ iL*u1 J Uiiij ,LJl ^I« j^i i^j , IS-] jiJl J Li J LL; 



t&UjjSirjtl Jij U . 0,150 Aja v^JJ jjj*^ 1 ^1 ILwu J>U jLsJJI ^ 

; ">*uj !l! i 4^1111 J tLb jiP Djlll ^i>dJI J Mi i& jLjjil yl Lu I j 5t *** JVjCLifl 

uJl^J JS fil LAii ^j . ^U J5 1^1 Jli j+3 Iw^JI .» 0.160 C J (J« 
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(/UljLjSfljMjJjj^iltljJIJ^I 



: J* 0.1S0 UjSja( ii*- 0^*" 



lij^l 9.3 X 10" = 



0.15 C 



L60xiQ" W V,! electron 



- a&j^l ufi 



AjfLit 







;18-3Jfci 

j ^ j^.-j jk_^ jhsanrt ^h 



ij^Lav /_ 



ijjlW 



it 

-VvWr 



* 



:18-4 Jb& 

jj J_tai (jm (y) i j*Jlj - lylLl 



jJil UU j» £"-■ i L. Iluj^ djjIj dLj jill yjLTll ^b J ^ £j^ &' ^ 
Ujfci 18-3 J-£iJl «^# . y«U^I J^ *Ui ^ yj i jj-sJl y ^ 

tUI oU^>- Jl JjQJi' j-ill 3_5liJ1 j*ij^ a-^m ^ , (UIj CL; i^ y^lil 
^i LJiuj yj L4JS LjUl 3Ui .Ul ,j< ^*j ' ^1 Jl * &J*" J! ^J 
*fll ^j o^lj . »UI jLj ijJl J**l^ v^'l >tj*' «** 01*^^*1 J^ 

^j 5j ^5 ^^ o ^ y> ^L>;J! lj^JIj ^ jS « i*jli, - Ut J- 

ii y> t jJJil) W^ 1 ^i* 11 J^ ^ H & Tf^ M-^o* JJL>" 
Li^ ^ j| ) L^j^JI L*# %U jiiS j^ti- ^ *UI J| Ml iiiyi J* 
fcj J| m *±iL\ & UUJI J*** - *LL* - ill! ^ 0**j , <JjW! p-* j» ( */j* 

, LJj> 4jlt J! «LMl Jj*i" ^4> ^j^i 

^L^ LylLf ^^ ^> ^^ **^* "^ ( ' ) 18 " 4 ^ C*>3 

ilk ^pvjj . * J^i ^. ii*JJI jJJll lW *'j^ i*jLL J^ ^1* * *M' 
.Ul oU^ ^-wi3 ^J ^1 ij*Jl oli^l 6* JJU j^ jl* iM-^1 
oUt> jlJ ik^Ll citf USij . 18 3 Jiill ^ Ijjljil V^ 1 j* J** ^ 
. jij3 LjJk^j fflUL ^uil J>b »j»J! oU^Jl jJ 4jjLWI i|s * «WL; tUl 
J>J| Jib Jl L^->u i^M v^-j 11 J^ 1 o* ^^ ^y 1 J^ 1 i' ^^ 

dtfj iLm -4+ ^ ^ ^#^ u^ j*- 5 ^j *i>- ^ j>^ r l >* • °' d* 

l^jLLil Jii. U^l o^ ^ ' ^«SjJ» *JW! ^J Ui i*^ VjM Jil [ 
L^iJi jjjS Ui» ijl>> Ui* ^ j^ lijikJ I Uji^ ^1 '^ *!»" yJ 



i^JJI ^j- dI^J jjii jJ'i ^jliij j£ v-i*> i> ij 111 ^! £«* if' ^ ^ ^ ^ * 
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(^ijLuiijyjjjyfc^iin^i 



SjajS Ujlill ^i bjJjIII Sjlj^JI L*5' pjtf jl d . jyujjj , LjtUf SjU| ^ j 

IV 'X* 18-5 J&JI ^Ajy . uOjtftl L^jj li>L ^ aUl jli ^ L, 

^ £*&} ■ Jffi $** ^ J^> jfa* La*JJl J^ ^ui .jfc j^ 






:lH-5 JLi 




k>1 , ( ! ) ^ Lj-jll SpiJ J^ ^oiUfLkiil ( V ) 18-4 J£Jl ^ 

. ^ hjil ji jjlli j^ ^> if fJ um jj v 1^ ytj u^s ^ uiui j^ 

owi jJ *UI pl^ p^ ^i *jLij JI _^J J j^f pjj[ lia jju; pi J^ij 
|jj *LLI LA pi lk#fj p£ ( ytll yy| ^ , Ljjj5 3>[j ^ SisviD pt^j 

pi Ujj . jj.^1 iJj_Ul p^ jjjulw ijjUi L*£ pli ii^li ii j^i ^ ^jji.j 

yjll c v^^ ( » ^ <vj*i *jS1j yi 3j*ll oliaaJi p]i (Li ^^ dL; ix, 

1 HlM ^> ^ Jj-ti L*iJl p* 4ai^ iA jjjLC Ujrf. . ifeLVl jAj 1 1 i^i 

uk^- ) jWJi # fifJj . >Vi JjUf g-jLt ji^ pij jj^ y ^u 1^ $ 

^iyjil*j4jjUll 18-3 



k5i ^ |i> pi L^l liif Uj . 18-fi Jli)l ^ 4^11 ijlUi p^| (JflJ j^ 
Lilt jfSxi pj Ijjj a jj p p J Sikili ^i JJJI ^i ^a»j jj|| ^ jjUJi jii ^ 

ptl AJl pjij J^ii SjLj^ . iJULJI p_, pjj| |ii j>u JJ^j l,^ oU^iJI 
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( j«-11 jl«|l jiljJ ) ji* i^USi >JI 



^Wr 



i- 



±J* ti UJuJl jlj i IW ^jll JjUL J^o* jujUuiJ a JjU ji ^^j 



:lK-fi Ji-i 



i ^J} ^d friU^ dlkvi ^ -4-^ Ji ^ Jl t*P *** & ^' ->- fi^ J ^ ^ ^ ^ 




V^Zfl 



K=4 



{16-2) 



, (1787-1854) fJ l gj*- ^ 4 Js V Jji 13-2 ^^ -^ W ^ 

. V m iJ^UiJ f ill JjjLrJ o>j)I (JjJI 

^aLw &1I 0' j^ - fi' ^ j** ** G# 18 " 2 ljUil $ l5 * ^ *% 
(V lib}, r ^) ^ $m J* V ^ l^U 1 1& Oj£ ^ ^J^l J* ^ n' ^ ^ D ' 



, iy _ ^ j^ ^J Ujliii & ^ . 1M JA3I jS ^1K (^ lk> oji V ^ i« 

L_jM>Jl ^ M& jU^V jl^^j c ,- j r } V ^ jJ^ i**i UU i liU c^jj i 16-2 aJjUIi l^jjrf U I JljJl 

i_^s i^v^u^ ^gy j i^ m wi *jwi j^j . ^j> ^ ywi - > ^)M 

. 18-7 J£JI ^ 6^ ja U5 l SjUdl iljll ti+J 



18-2 j*^jj Jl* 

±jjJl jjj jj^ L*^ 0.160 A ijljJL !j^ k^j ^i jtjtf fi** ^4* 

j ^B'-ljlL ^» U . 3.10V Uj^ 

v - 3,10 v o f ^M^ 1 i^j i ^ Wl ^ z?a 18 5 J^ 1 'tT^^J^^ 1 

. 0.160 A ^ ipy± 1 ; yJl Jj ( iWI Jd£ *JWl 6i* ^ j*j ) fJ ^l ^» 

r 0,160 A 

' 1 jtfUujII l>ji J-3J 
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( jjj\ jLuJI jil^j } fit ^lill j*iJI 



•jijfcWo-jj^ujUieij^jiai im 



n 



cj'USji Likij j\y ,> iu^A* LfiiJi A»lill JiiJ'j w***]' oli d^Li^l ;J 
. f^K^Jf yji 4] oil* JiL l^lL i> J5l iLjlL . 'Mli t fwu>j dLs «Ji>J 
. 3jUJ ^JlJJI tsjlxli uiOLd> j&*3 l+JU |> ^-j JJ *^^ ^|* ^% 

Jiill i»*i*j jill^ A qA jiLJI LugiLi l*Lul f„ Jug liL ,^uiu~> lift JjjJ; 



:IK-K JW 



f)(ft H») 


djUJI 


1.(5x10"* 


liSJ! 


L7 x 10"* 


g-Wl 


a.fixio - * 


rrfi 


5.6 x 10"» 


yjL*^ldl 


10 k 10-« 


JLfJjJl 






7? L 

ft* "7 
: 1.8-1 An* A 

20*0 p> IjuJIA ^Lij^! wi^pJl jJj ) p. y^Lull ojLj LijjiU IjI l^LoJI i*^ SJ.Ijj Uj£*y 

: (<u* 
p*H.£ J fl = p^- (18-3) 

yAJv Oj»_Siil B^jDI yl k>3 , ijjjlJUiJ *i>ij4JJl jjilll |_)ijy 18"! y*i*J* r**)i) 

^Jt *Uj)lj v^iJLS Jjl^JI ^smj . d}UH Jlittj ( i5UJ.I j4* ) JjijiJ' 

LSj* J| JjjJ jjJI ( ljljIjJUI uj ^jJu L 5jLc ^j ) SjtijjVl ^ Jjis Jit 
$1) iLk DjJ-aS' Jfj-ll «i_k IwjU* jli lifJj , will jlc i^ jji j*L Li* tixAJI 

<Jj*aj j3 t ^i* (VJa* J^ *^jlJ^ . 5jlj*Jl ^jJ jJ*w jJav L ^jL 4*jlLj 
i^>jj j* 5jlj*Jl LkjJ jJAJM UjJ* jLjl tjit (> jlfj jbjj (hftjL jJjfS »Uju 
5_ujliil ji ^1-JI jjA^f ;jJ^J ■ jtfUtflll <*JJ JJ I**'-' J^ 1 J*-S o 1 J! "^i 

20°C ^ Ap 

Po 
Ui . 20 C C bli jj ItA^j* Sjlj* l*jj ii# ^pjlill j* UjUII ii* .ji pu j-IjaI'j 

. bLil ^ ^ 1^ p$ SjIjaJI i^jJ £! ^sjlill je*^ J^^ gp^ a iulill 
J LJjuuJl oljvdl kJi L*xs— 18-2 ^Jj Jjj^JI ji SjjIjJI ^*j_j(mJI fLji)lj 

, ( 18-2 JjJ*J( J UU\ sp-i\ &*1 ) oiWJJ &Uif fJiuj 
wUl ,J*j JjLfcgi J* Jiuu" L ulL JLijUu jli ( 18-3 iJjUil (> p^u Liiji 

jJ U-gjJ^ J^ US' Ojlj^Jl <>jJ J^ Uj^Jj J*I^ jLu'JI OJJ) . L> ^Lj jjJI 





3.S x 10" 1 


c^l^l 




1.5 


r Jl 




25 


0^*J! 




1(3' - 10B 


ViiiJl 




10 11 


r UJI 




Kjffl ., t0» 


in^*> ^ 



kWjfl) 


EJUS 


0.OU3S 


UUl 


o.ousy 


^Wl 


0.0040 


^*l^l 


0.0045 


^u>iiji 


0.005D 


jjj*Ji 


-0,0005 


o^ij^Ji 


-0,05 


iJ^li^Jl 


-O.07 


jjiyJUJl 



( j+Ull jLmJI jiljJ } y& jitlB ^M 



cl^yujl oLJ Mj ■ 18 ~ 2 -S^ 1 ^ WjN ^J 1 ^ 1 ^ U &* -j 1 - 1 * 11 ^ 
oi^Lu ^jjS 13] LfJUj . wU . ^ * pjUll jU ^ Ijto j3ll fylj*A 

AR = fl<niAr (18-6) 

iuJj jUa; ^ LjL* fJii-J *>^ l^jy^JJ ^L^* Cft-i J*% - 'jlj^ 1 



18-3 y>w>i JL« 

j L*i . 0.0331 em a ^j^Ull 4_»k. i*L_L. ^Lj j^w jljk ,> j*Ui iiL 

v 40.0 m l+J jJ= ali Lda? ojiJu 



j I - 40,0 TTl iu> if = ply] <J1UJI f J*i^i Jj^ : tjillii JV-LLjI 

p = 1.7xlO K am. j A - 0.0331 x 10 + m 2 

R [L\.fl^lO"'amX4O.0mJ_ Oja0Q 
U/ 0.0331 xl0 _i m 2 

#jBl ULa| vu- ^ *«* J*«yJI &U ji gU31 j* ^JLJi 0* gill 1^ >s 



: L8-IJU* 

J*i UaI* 240 Q i>**jjji ^ £>^ t wUi jA#* <i**i J^ VJ 1 ** ^ 

- 1 , n;" i-^jjaJi Uiisii j*y . ( isoo n c ^o & ) ^^)'i u-jj ji q^ 

. (20 n C) 0>JI IjI^ i*jJ oi* 
djI^JI oL>y jjJl^* iji ^iai 5jjli 18-2 Jj^l j a ^ J k : Jlj- 

ifjssn q- *-yi 4*1 J £>klJ JuSj * arc ^u 5jij» ^J l^ ^j 



■ 67ft- 



{ jtfjl jLuJI j*\y } jit ^UJI J*W 



IjI^aII iiiL»jJ Sj];U1 in J*L»+1J (j u*^ ^1 U& , jjj*- Jliv li> : oL*jn 

. LfJ Juu J JJiLLh^ <- >jj> Jam 

? l+ii>l-l jl 1* Jllj lfl-G ^JjLJI ji lie *#^l Vjlidl ^j . j* L» : J')-' 

LjuaJi jLi 2Q V C jJtf jJ*Jl Lf-iJ ^a a iui J y#|j#l AU J kiu> : iLWll 

, fiii i«i^jH **jlill \+JJ Jt 20 f 'C ok fi WjuU "di^rjil 

; Jb J^ 18-5 iJjLuJI ji "wjljJI ^i JUjI & :iiiL*3i ?i Wi 

AH = 240 Q - Jj) sfio (O.O045/ p C) ( IflMTC - 20°C) - 8.0 Re 



fio = 27 Q jl 



240il = 9.0fio 



' r^ 




jjj^SJI &*«uMj frj-ittl 18-5 



lij_j ijjO jli i 18-9 JiiJl ji L»5 i >jlu J^> jLjL ^jl^ lijuu L»jlus 

. 4iLLJL ..'ill j*2 

j+jhJi ^, 4_l>ji d^ *-*}M ^ ^i> |jJI ^h 1 ^ 1 ^LJ*" 11 0*» J-1% 
^ , Atj U>viJl yj Ijii JU &£ Jifj J ^jM ^ ^ lij > fjy (j^J 



:lfl-B jii 



JjLjaS ^JJw!l lAjS^S Jft Sj-iiJl jffel *-^l LH *J>1— J *-^ ^^ »AJj* H>M Lh Lfr^' y*' 4jUsJl JMJ t^JJ 6 

A(/V Jjiil J^iJl 



= pj,jjLSI 



I^jjL jJJI jjiiJl ijjJi) *J ^jj t 5jJUl ji jlll jLiil jjw ouJ Aq/Af ^)j 



JV - SjJJt 



03-6) 



4ik vLj . V ajjh J^>Ji jji J^> Iff l^iji t .iILl Jy> olixiJI jjj* jipj 
Liat tySt jUSLj . ^UJI ^p-ij h0 \iij4$}\ m ojM Ut\ UjU 18-6 tSM\ $ 
: Ji tj&il J^l> _j*j / jLj] 1LJL ijj^ii ij jjdl Jill IJtJl *feUl 



JU =J*B si 7V= mISII Ji-L 5 jjhII BjiiJl 
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(18-7) 



{ yui juat ^ijj ) ^ c^uji >iii 



. V s /S .Li^L u^LJI jja Lltf ^i iV 
frliuJl djl^^ ^ SjJtJ J£i Jjf* u* frjjfiJI Ji*j gi JS-2 i-iil ^ Ui*; Jj 

(h 60 W *" ; - ■■ "duJi J ii jju. . * 60 W, 120 V » y* U«ji» oi*jl 

iu^f RjjJ! j^l 3J«ill (>j , 120 V Djlji- i^ L^ j*L L^P Sjill 
BjjJUl J Ciu>jj , 120 V Sjlii a^* iic ijiiiJ jSllj 1500 W L^it uj^ll 
J_S 1G00 J LffljIjL djIj> jjjl* ^UVl iitat j|i i>jJ< «i»j jJ Jjij* J** j* 

. 120 V tjljJu if* jyj U^J -^ ^ 

w^LL** y-" " >hUI Mjill »>*^ 1^**^ *-*j?M Mtrf^' ^' J^^J 

, 3.6 X 10 fl J yliJ l*L olj j^5 j*j i ^ v >*^l tSj&H ^^ l+«J*^ 
ijjp-i J-oL> _j_6 5_ij_j^I iuL>JLJ,b 1 oljJI J 18-6 "UjIaII UJ r-^y) 
iiyjj lf^ <bU> j£w U jLf* Ai*^ ^iJt ;LuJl ^Li lUj , iij^Jt jj jtull 

: ijljiu !jU 40*^ 100 W, 120 V oL;Ul jj bU^I -L*j 

120 Bj IjL .4* is J^j (.746 W) ji (1 hp) j*Ij <jU* 45ji tf ill iJj*JI lil 

r-MZ_ fi2 A 

mHI j_3 tjftH\ ik-l^ Ljy™JI jLJl 4a*>I ;>J Llillll ^ j^ll ^jij J^j 

, 18-11 



1IM jA^jiJIi 
* W min ji 40 W J>^ *^*> iL-« UJy ^1 lj\j>i\ jIjL li 

; iJjLj (jij^ 20 rain ^i i^L li» jiifj , SjJIj 
47^,000 J - (60 B/min) (20 min) (40 ,1/a) = ijlyJI 
, ll^SOO cal : LL>VI f ijljsJI to ^ ^ *lj*-il J^ ^ : W> 
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( jO-JI jUJI jiijj ) ^ c*Wl J*ifl 



: 18-2 Jii* 

ijj till 5jlj» i»jj jij ijjj jj^sll (jj { 1.6 kg ^i ) ljI^I LuLii u&tJ j-lf 
LJ . 700 W 4J ; ji 41*" jJJi iji ; i £u jl** J ^>i . fO u C pJ J] 20>C 
0>U fii 0,10 $ j*S JSi 1 kWh ^ Ify ? Bjjffl jj-*-I l*}*!! i^jJI SjljH 



i ^iii-vt JVlLujI 

? H'uil dj+j .yjJI «3U Li : Jlju 
ULU1 4ix*J ji* jjLi ij*J]l j^>3 'Ji+jj, $ ^ 700 W y& jj ; Ifl*)! 

. 700 J/h Ji*M 

t Jail li* jl*:)) Ltj^Ji ulkJI jLA U : Jljw 

<]jL41^ wjIjJIj 5jlj*)l J^afj Sjljp-Jl i^jj ^jjajj Uz£}\ ^ 4J^UJi j£Js : 3jL>yi 

. 11-1 

AT X e htyli Sjlj*Jl X m JJ^JI - Q ^lyj| Surf' 

. 1 keaUk|?. n C y *UJ ^*jiil i^Oj 

t ( Jj» ) -I Ji bad o J^H 1 j^ ^ : J y $* 

lkcal = 4164J 



,yi 



j*. 



S j Jw.1 '■ 



-atf! 



oIjjj jjuj jl>J ^ ( oUU^ } tj JjjO tfjJ! ljjjJI jl (0.700 kW) 

. iiL. o'jjJAH 

(1.6 kg)tf kca%. C n ) (70 C n > = 112 kcal 

(112 kca]) (4134 J/keaJ) = 4.7 x 10= J 

jj£ j*A?OJf itj i^ti 700 J/S j*i?OJi Jja* iU Ijjj 

^ 4.7xlQ J J ^ {j7l3an2min 
700 J /s 
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( jj»jt y^ji jjijj j j& ^gji jjutfi 



, 0.187 h lSjLj L ji 

f 

i%lJJ iitUl ^i kWh ob*, jj* ^L* ^ ^jl ill iiliuJI yU*Jj 
0,13 kWh = 10. 187 h) (0.700 kW) = kWJi *Ai> } m 
1.3 jm ty& WfcJl i|i kWh Jfl 0.10$ «1SDI c^LS IJ[J 



J^iu^jD ^JaiiJI BJiflii 18-6 




4J jjjILi jLdJ *vnv^ jifl jLil J! 18-2 u*jl J \jjS\ Jj , jLJl j*aj Jlli 
j*j Uj U^j ,jj jU^ $ iULu ui L^jJ oUsJi ajJsju3 Sjilj 18-10 JSUI 

!>-»* L*l*> jLi><^!j Laaj , ^Jji/jjffi uJPtf j^_«w i^jj^Ui ^piel3 tlj^Jwi 

J J& Jjjij^j iLLil exli [>au ( 

I = fi +L t ft ^ H *** ' 1S - 10 ^ [ tH B M J^ 1 ' ^' "^ [ ^ J ^ 

;>iu *i ilj L>£ *JjJ| ^ i>ij" ^ iih^Jl J Ai*>ill lib ^13 ■ ■!'■"■ lLlu- i ik»u 
JLb>d J] itL^ fjjk UmJJI J! Jj-U< jL^Jlj . aifj Uiii CjI jJ^ IfcjAfj) 
^k J-*! jl Jj^j 1UJI ,> I*>liJl (ftljl^jll J£ ^iiu* itfjJj , 4*1^1 liljLill 

! J* lo« $ 18-10 JiJJI *Jl» jij . UiSill J! J>U1 JBJI jl^l jIjL, u$ 

I-h+fa + h 

j**-Jj . 1^-*** jl liatil' -Ui*J Ji" l^ jJui'l O^L LluJul Jjjw J.,! iJuJi lljjj iVi 

! jj^Jj^iJ 4|jJlJI SJaII ikwJ! ifl>Mil 3J> 




4* 






£ii_£j tii±> . jjIjjJI Jil>J ±Jtf 4j_«a j'I u lj jj_ji \_uLf- ^Le 4*^1 " Jfiiij 
. 3jj[jJU 5-iiII oljLJf 6j J-S y ojlil oljlwll *i «/4 j^ jiL^l J^Ji 

/Ji AJaiiH i*lj] IU ^^ ^ ^^ -^ J^ *^ 1 5 ^ J*^ 5 & <£*" J 1 * ^'j^' oi * i> J^ 
/i t h ■ /i + Js ^J^| jLj^I -. ■ ■ 1 1 ;J _ ejf) iyjl i> juu iJaj ; ^ 18-11 JliJl -jjij , jLuJl 

U4II LkiiJIj , ii + h = it + /« J j-k o^JJ 4iiill ijila ulJ J^tJl jji US 
Jj t L ^J yJ i^jy jl jJ^ j3JI _j* Jsii Wj IjLu 0' j* Wi'fjjJ k-^ijli 



:1B-U Jli 
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( jtiJ\ jLsJI jiljj ) Jifi ^Ifll jrfAll 



61 iJj- 



. GU ft, oj£l, jltfli Jfol J*JI ^ i)t 



J^jjSJ SjyJI teG 18-7 






i' : < 



* *, 



• x JjjJ^I >L* ^ij . ^Jjli eb{rfil ^J/^jU^^^ 19-12 JiiJf 

x, ^> gjf id i bktiti Jte Aq llxi <fj> ^uj i a i^l ^ !j^*j 
xja &q%i Lsjiji* liUJI j_« Ljijj ii^JJi ^ Jj->j l5>1 ij* fl J! gff/ 



-18-12 Jtl -^ ^ . , ,' , 

ijlja ijjJL; U^> j_h»* iilUI to LjK* £|ju j-jo jl ^ # ^u-j Tf 

t j^ ^ Jh 4" 'J ^ aLUi iA & T &* oiJ '5A 



^^jf^V • 







Jj j^ Llili t jjjljJi ^ mm u^ ■**• Wj ^ '^ ■ ^*" ^'Jv toi 



-(578 



( j*Ul jl*JI jlljj ) ji* ^LSJl j*ill 



tjOti jjfflA^AV--W 



&s*>JI oi* JjijjAl ij^Jt JJtfU 1 1^»*£» Jf*J( i*s* ^ 



B LE !jj* Sj Jj> ( J+*Jl JJjJ ) iiU^ olji^J ljjoOI fj^ill ijjiijl ^ 






. J'<- J ^jlilW) i}& jfC ilj** ^-^ Af*^ i - l >- Li ^1* J/iJ 1 JjL*l- 

&! ^ . 18-13 J&ll jj ^-Jl pUI JH> (> 6 J] 4 j* J^ tot ^ 
^j i L. ^LL J^li- y#WJI j+a-JI JJ All ^*tl c^ ^ lj o£ jW" 6 M 
Lit <jJL* OjLti jjii ^ ,>j - ■***" j* i^*" 1 >* b Jl fl ij*^ 1 ugfS* Ji 

ft ij-l ^J-*^ 1 ^ J**ll ji j^' <jt u I ■ ■ fjl UJ^ U**! ^* W ufi£ fjljM 

:lfi-13 Jii 

JNft^jMf^l.i^kAtifji . -Iff jj*" * J! <" 

jiii 6$ 1oJ qiC Ijy* J* 17-6 *U«11j Jui JO y i^Jl jj) rf A*>) 
■ H-3 J * to 3 **' ^W ^ &' ^^ Jl ^ ■ ^ /C * b Jla ** J ^' * J ** JI 



7 ,riR ^ l ^^ J ., , sl> ^^ 18- 3 JpA, 

- djUl 



V = +? /C pffl ■» C ^ . v ^ ^^ jjj ( ^j J^JJl ^ jjjL jUJl J 18-2 ^Jl & U^3 

V JI ~ ji* jjj jjjb ^bJb LJ o^ 12 V Lpji jjJi ^jiJJ* $ jfci> ^*^ 
j_^ U5 LJU^I > jjIS y 5 ^ 1 0*^^ ^*^ ^ if* ^ S J ^ 
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( j*U! jUsJI jiljj ) jS* ^,UI1 Jrfi» 












-vw 



• ■•,' 



• r 



i 



< Sj-Jji )J-Jt j_i jLJl Jiu JijiG ic 



n-tfi +3V 

e.-*j -12 V 

ii -» e V 
c >/' -i(G£l.) 

: jLall ^jLj ^i* j^i oji ipjf ci*ljjAsl tfjrtJI y**JI <$ 
3-l(5fi) 12 A6 ti) = 

ji SJUl SjLi^l tUjjj . I --- S-A J ^L. / <> liiy UjLaII aia J_> .lit; 
0^ . -illJ j* iiii* ^iU* ^Jj . W ^ &L> jLS jLjill »1*jI Jj> UAz 

ji .jUH j^i* jLuJl jj^j . ( IS— 3 JjiiJl ji lb SitlUl ) ^Aiuu-j ciUjIill 

+3 + 7(5n)-12 + /(6i'i)-0 

. jLfiJI dLjJV Mt jLiil Ji Jju U* , I TT+i-A jji $i HIjWI ii* J»j 
^ 11 

oJ>l Ijl . hl>'f\ y«ij jie Jjl>Iv jl^l oL>J"i' Jjlji>l Juud , JipJI Olj^u 
. -Ufi A : ijbiVI , 3 V Lfjjj ^1 L^LII olfcil c^it jj f ijJ j>ji ; ^ 



IftvlJU* 

. CrLUll til fejjf 

-fiftO- 






(j*iJljLj)ljjljJ)^tfil3]|>i]l 



T 



'A 



l «n 



:]HS ji* 



J] ft Jii c .^ i5j-^ fc Ul i c J->Ij J! J JSLi. s Cm Jj* Ji 0' W 

. ^Jl ji ^ d^lji aji J5 y jjlji J^4 *W ^ H* ^ ^ 

? awte Sj^JI Jj> Jj^i L»j^ S jr Jl udj Lf>>" jl\ SJjUI j» • U : Jt>- 
ijfi Jli] U* c J o o- J*-^' 1 ^ !m '^ ^ % ^ ^i : W 

-ftdsco-sVso 

* cda jUl J h jUI £ J*Usl J^ : Jl}- 

#j . -4*11 ^s iff >o j*jj "J li*Jj fj^ J ^ &* * * j Ui lia : W 

jJiiJl ^ju^ (emf) 4jji u^Liiy 44* i (emf) ^ JliJ^I ii* dj^I saeii jJw 

. ^libJl =jutli iJoLti y 

i^l bjjJ UjL, J! rli*3 IJJj jM** tf» ote ff 1 ^ ^ r 1 ^ ! ; *^ 1 

2aCI2 Q) ijLi ^ m-^j ■ 6 J! a & JUi ^ ^ 6 v ^ ^ : W" 
e in /s(18 ») -jl^j , ( /a »Uji j«3# ^j ^ ^S ^ Jij ) t J] * ^ 

. v^' l^ u J! 
-ev+r 3 (i2fl)ti'j(iSi2) = o 

S^jJti. Ujbu J! JjJ jJU jJLu ijl ij^ iJVI O^JLJI Jlfl jt5 3j> iJji-* 

. u^l jjtljii Cujj> lil^il <jlkSj 

_1BJ 2 =9 r J2=-0.50A 
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{ jt±A\ jLuJi jiljjj j jic i^LJl J^sill 










, 18-1G JUII 
; iJUl SjjiJl ibln ^i 7; Lju ^jd! j"Sl U&y 

-6 + 12 k + (-0,50X18) = U , is = + 1.25 A 

ole jJ 1^-jJ i,L^I|. . {h tp[ fldSJJi jiUl oUV dl > jib ) 
tali LbLu U . *^*j 104$ J^iili j» ^jJJ /a &M &l J* UJji <jU}1 

: ii 4V ^yu J! l5J>W <^iJ l 
7i = 7a -72=1. 26 -(-0,50 A) = +1.75 A 

.^tJl 

. 9 V Lpji jJ 1 L jlLt'l ulUl ■-■ ^ y h j Ja a»jI : tJyjJJ 

-0,25 A . 0.500 A : 4jL>VI 

r * ■ 1 

jjijiiijijjijsnjsiwi^Ujia) ifi-8 

ijijfjJill jJb i Uu oUtfill J^yJ ujjftdjl? J^ j£* J4LJI JjwII J UJyJ J*I 

U«t>4 J— BJJ ! f '"■* fpyur -ill JiJiill LiKfl tuliill ^"jl j-~'' - . jliill Jfij 

J-«3J Ljtfj jljJJl jJ# li* iU* oUjta *MJ ( ( ) 18-16 Jill I -i w 

olk*5W ^U* '^' ■'■; j«j-ui / Li IjLC ^ti (y) 19-16 JllJl J L5 Ijjlkj 

: ^LkLi J L if iL LJLJI 
Jljtfl jl* aUjlill 

, Jljjjl Jt lUdl oUjIiJ* w** J5U» 7 jLutl ^ jjj 1 



',' 



*j 



r-W^^A-^A/v^n 



•■^W — Wv — WV-^ 



:lS-lBJii 

y-l j— fc liu ISsti iJUjIid J*£ 



ful 




Jj U 4JSJ-J 1 SjJUl si* Jl LfiJaj Ju£ jytjjj50 ajj*J! ij*5 Li^j 
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{ jpjull jLjJl jily ) ji* ,>*U1I >AJI 



-vw 



U = i it«j 
R^ = fft + Rj+R3 

: JljjJl jJLe 3*311 oltjIUi ;> n jj* jS' L*^ ^s^ 1 »<** f^ i>%! 
ft q - Ri + Ri + Rj + . . + R. Jl^f Jp (18-8) 

ILL ^ ( i^i\ jjj ) yjjAl; j^u $ (cmf) <^_rfUl UiUll >yU j^-* 
: ®M ,> jjljill jip ^j>T m Jaw |>jLa4 J£ y jlH jLull o^d 2 




«] «! ^3 



1g Uj^SlI UJIjJl JjJJl 6l / IjLu V>Jj Jti Rt 5 **■* «*5 J J ^ u£jj-l BjJiJ 



ft £ L 1 & 

R Rj R<, JJ a 



Ln 



I 

1+] 

:1S-I7jij; 

( jJ i _j»Jfcll*itfl|.a-jLlJJ3J 

tffl. 4 = Jflfcl + lifts + Iffls 



J| j ^ Lj ^jirf Lj 



R [:|| ' Rj + R 2 f R^ 






R 



ft) 



R, R 2 R 3 



A'. 






SUji ^ - uj>! Sj-j _ ^Uk jl , ^m ^Ij li^jlll JU iUIl *I«1S1I 

, l_.L Jiil ii4> Aii 4JjJl 
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<j*Uljl^lj5ljJ)ja^ejl>il1 



a f \fyV f 



12V J- 



4Q 



tn > sa 



L^-T 



m 





<->■) 



:18-I8 ^ 



18-6 j>j*3jj JO* 

. { i ) ifl-L8 jiyi ^ ^i J^ jQi/ jy i*jl 
Sjjij ^ j^ jV -* ^b ji^jj aUi si* > ^jji^ j ..^u^jY.^itt 

U* iLaJI oLjIiH g£ J Sal* k*Vl &• &jft til J* . .(•! ) !>!l ^ liJtf 

2? = 2fi 



tf eq 6 3 " 6 6 " G 



. ttl£Ll iyW\ Ji\ ( y j 18-18 JLUI pfcjg 
j* iiilSlI U^jli^ c j a o- JfjSJf jb OSUl 2 

fl eq = 4 Q + 2 f) efffl 

6^1 wJJjII ^i JJj , J^iJI ^ (y.) ijjjjl J - UyMJI g^j| liJLai JjSWIj 



1 



: 18-4 JL-u 
, ( i ) 1S-19 JiiJI J hJLil JsU. jUi ^i ^1 

f LjlWl Jl> jL^JI ^ ^ tf | J* : J|^ 

, d ^ a ujjjaii'1 />u -ul£Ji 
f |? j c Ltf^LJl ^ tti!£ll i«jlAll ^ U . JIjj 

, £4 = 212 



* eq " 3 * 6 
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( jdU I jLjJI jj Ijj ) J& ^uJf Jijifl 



4G 






<xj 



».'i 



If] 



— VA^ i" 
■AMV 

6fl 



6V 



4U £ 2fl 



>9Q 



*i.' 



so 

GV 



W 



r 

'*• uul ikij &i*l !jM ^ i^Lp 

■CM 



* » i 

-* VA/ •" 



6V 



120 d 

-VW H 



• » 



fiV 

-||- 






jiiyi > jk JiL* 18-9 



, jjjuil jUi jSIjj JiL* ^m J*J L35UI ia!|j^l $ ^ J o*; ^i jZJ 

J_SkiU $| 1\ s I* UWI Lhm v ^ ii* JSI oil i> pijJI J*3 ■ ^*P v^ljJ' 

, iJyS tiilj IjA Ly4 J^Jl fUl 

, yfUi JJUf jie lijJ^i $ ill} J* &f {/ J jP ^J >j f'j>i-l 
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( jAJ*A\ jLuIl jjIjj ) yw- jjLJI J^diJi 



. L>LL jtf Ul^j Jj <£>i US ^jl^II Jii jljil jk ^Lul ^ k x_j+>Jl Ju*l 3 
jJu: JJjLlj J-i 1 tfjJW :,i j/jj : 4j?^I| jjjljjj i^j^ 5^1 o"j| jU* ■*j&\ 4 

, jftl J^ j^j^ j>1j ^j ,> itjkj 

<kS , i^ljJl ^i J^liJl Jiw c/SjUif ■> Ijjj: JJ Uau jl li*j 5 j 4 ybjk»Jl 

, J*bL*JI jl* J^i^ 11:1 £i%\A\ «ia J*- O^ 1 



: 18-5 JH* 






12V 



^*Lifi 



; 18-30 jii 






ic 



'■■ 




( 






*-■ JjIjjJI ^_U Jsj-v JLJI jS LJ $fj ah fypj&\ ji £|Li dills . 11 ; 4jL>Jil 

v l^Llii' "^ iSjj-Jl ^IjLh ji : J^ 

; jjj a *hsji\ jit L»U IJ|i ■ nbcda j ijjj*JI oj* jj>! ; ^L^l 

-7i<5 i'2)+ 12 V - J 3 ("10 il) - D i,l) 

: jli n liLiiJi Jit Lljj Ijti . afre/n j j J»l iiij* JLij 
-/i(5n)+12V + 6V H201D-0 (2) 



-n^AiJ Lfjaj^oj (|4*i!J 



-li(6 AH- 18 V - fi(20 Q) = 



jjJljJ) ui-itf d!Uj» u|_j (1) jjj JjJjJl (^ (j* (2) ^_J Jjd*Jl ijumj ,jl k»1f 
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( yt*J\ jLuJl jiljJ ) jilt, ^filil J*ill 



.3jJIJI^JS(2)j(1> 

? c jJj? 4t&JI <JjU» ^ It : Jljh- 

: oL>VI 

Ji-Jj+Jj (3) 

? 65UII oliULl sit > ji I J J^ : J!j* 

Ij_ij j 1 J-lU ijJj kis i>lj Jy— ^j {If J il>w mill** LuJ cjljJ : 4jb^^ 

: (2)j(l)^yiji 
-t/jf/a)(Sfi)+12V H10G) = U) 

-(/s + /g)(Gn) + 18V H20Q) = Q (6) 

: Us ju>JI wJ U>Lyj 
- AS Jl) - J*(5U)+ 12 V=Q i(?) 

W26fl) /a(Sfl) + 18V = (7) 

: la ^ . /a jfi J^ (ei <buii > &i} 

J 2 = 2.4 V/fl = -3 7 3 

■Lull ji iujSJi si* lUWwl «j i /a |> ikj J*Jlj (7) sJjUii jJ Ij* ^ <^?4y 
. (3] aJjUH <> *Ii: /i i|j Ij^tj . /a ^ln J-*>1 Lib (8) 

jhUhi j-i JJJE J_'li JjLJ i U>+uj Uui dL^ Jaiu>J Ltitf > LiSLUlj J*Ji 
: *p (7) iliUli ^ , hfi\ c/sIjUI > Jit 64<v Jt\ h^\ iltiS'l 

-eo v + r^75 Q) - ws ft) + ia v bq; /j - o.eoo a 

^ U (8) iJjUtl UJmJ ^ 
h = 2.4 VAJ - (OMQ AXU) = U.6U0 A 

. (3) HjU! LL; i LL^JI ^ 5 
7^0,600 A + 0.600 A =1.200 A 

^j j-1>I jJ LJlftbwl jl J| dJJj !j^« ifcjt »ji olj ol_.Lu.ll ,.ijjl> ,jl Ja*"3 

, -6V ; kL*YI = 18-20 Jiifl ji/j e g*i&ft o* J^ 1 jji v*>l i ^j^ 
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( yUl jLuJl jitjJ ) jifl ^^ ! J-" 1 ' 



8.0 ft *jUl jjJ A|-jJ| jj* IjL jLiSljill ^ jLl*l iU*i $ UT . 18-10 .Jill ^i 
_Ip _i liAljJiJi sjjj . afr sj JJI _j j_^«i ijUi JLa jL fill ji&v >j*i [vn 
, ^jJL $L»rfjj 0.5 A jLuJl i!*% Sil fjl&ll i#l*j , 0.50 A j 16 V ^yjjdl 

. R . % fyj J_f *-j3 iJf if . JjJIjJI Ja* ^3 li^H jj J. j^ iJijlf^JI J^j JJJW-'j 

^y (V) 18-21 Jiili U , ( i ) 48-21 J&Jl j L*Jl jlit 14 it* j Li 



:18-21 Jiii 




10 Q 

I — vw- 



.It 



' 'Vfr I 



Hil'lA 



M 



_> 



( c/^LaII lis Ji j3? jj j* 

. J's- ■• oVjIm .i/HI ujSj Jto- 3j/ Jij 3±& J5" ^ JjEjaS ^S 

f 8 ft *jliil ^ li Ml\ ±pA\i /«* jUM Vji ^ : tflj* 

ft = &fl j V - 16 V U*j . V =ffi 3* pjUIl & AfkJI j> &| : ifl?V1 

? « J* 4kufl ijuli jijly i>*w y L* : Jljj 
L^ U01II J-So, it* ^ J 0*3 (y) 1S-2I Jiill Jj £j*j!L : 4*1*$ 

liL . J)0 A j J«* jlj Wl l*jjlij 
rtdj, =2.0 A + 0.50 A = 2,5 A 
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r 



( j&Ai jLJI flp ) >> &*llfl J-*ll 



^J d j) a iUiJl J L^ij Jill ^JjLaII ^ JdiLc J^ 6 ^d r l ',1 ; li\jfi\ 

1' flr:ftft ajyJl Ji ijjJl iJ*li j.;;^" ^ r*H I- ^ I J'j-' 
f JjjjOl J}> ^ JjJvi ^jJl tljfjjll jL»l Jui Lsuij 

*ijIM Ijli . tfjlJl ^Jj Jfl JjtJUrf djij if^JI ol_^ <»u*d! uljLiV ^Ijj 

r 

: it J.-i->? ili s ^ JjLJI Mjiie SSj* dL^JI 
-16 V + (0.50 A)fl + 6.0V = (i) 

11 Jili iv 1*^1 ^fr jSJI Sj^li U : Jlj- 
i Sljl jja J^ afttfa J se&a CtfJ^SlI &3jy*H &* $ &| i W 

. li^jUll J l=uA>JL,I JS ujfcL* JMp- ojiljJl PjJI ju*^ 

lGV-(JWHlQJJ) + tt = (2) 

L^_L> ^ UjWI dL» ^LJ '. Ibda. l#«S ,J*ilL J_skii ji IUJI i^li jj Uy 

liw lij U^ L*r W* J** ^ ^ J*^ ® 5JjWl J* [i ^ u * J, J tM 
IjJi jLjJI i[&\ j^uSe iL>j! J R j^iO liiji fcUl yjlw iSj* iLjOL Sjy*1! Jj* 

U i b = (io vwo.5 A) = 2n q lu (i) yjbJij . ^ji M<j tM />-&}» 

,$ = lfiV + (2.5AM0Il) = 4lVlLUi(2)iWilJ 



: 18-7JL1* 



a 



o LiUI foj&\ J^U jj^J ^-^ i ;^^ ^ i-SSil 6jO ^ U^ : OL>^ 
^ .jLi 17-6 UjUI ^j . ( 18^22 Jilll J h = jLiil JM ) . uiJSlI 
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{ jilJ.] jLUI jiljj ) jLs j#lill J^il! 



v |j! jU'.H :, ..'ill, j Us 1 .! i j^'j .jij ijL, ; J!L 

* c&ctfa BjjjjJJ ij^JL jj^l ijels itjiJ ^i)l U ; J^ 
: ^U Jj*j dils bUl vj^ ^j> p UjI ■*«* oL^jl ^i c^j>j IjJ kl^l 

; ^li IjLJi ujjU* Iij> iUJl J «£j*? 1J] : 4jL^-V1 

, /] ^ 2.00 A liJj 

ji ji J& s %* i fc ili&jy , toJi Jiclj L^j : U*V1 

jj ij Jl if ,_ii£ll if LjJ>jJi iduJl if ijjJI iifS jjii Jiik ; ^jL^VI 

i 

. c/e/fld SjyJI Jj> -UUl mjIjp ob»jl jj t >& 




:18-22 jti 

^J_li Jl J JIU JAi jU jUpt 

. ijl4 > ^J*l iJi JLij j%j [>n 



r 



'LWi\ 



V jiiii jj* j+>J' >t*j «Lhji jjajm . v J ft' i ^ i ijji : JIj-j 
•Liu. .1 jj dLl* L» J5j , iJjlul kjjSj j> J^ 0j i^LiJ cm] : ijl*^l 

i| If rfflfyi sjt«il L_JL bjj*H 5_u=Ls luluw ilLiJaLUJ^ J*ji 
-(2,OOA)(G,Oil) + V/ Ji +10V = 

g = Co ft = (5,0 x I0" fi FK2.0 V) = 1.0 x 10 B C 
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_ 



( yuA\ jLufl jjIjj ) jitt i>»ldijl Jjiill 



ciljudjillj olj^Vl 18-10 



, . I V + i I ■ ■ ' 



, ^ jjij jjiii ^uii i^jdtssnj 




^& 



^j . jLull 4*J ifl j;uu-r till 5^ itjli* jl+>JJ 0^ IJ|* ■ jW ^ <> J*i 

jj _ dji*il o-» J-rtii ji ^^-^ U U , §U ftf* J^ j 3 **^ 1 **i& $ ^ 
fJ LJUl ^L+Jj ^L^ gfj i(i fy$p\ ^> ul3 (y) 18-23 J&Jl J fJ lill 

jjjiJi iju. $i ^ ; --iji» j^ u;b ^Jt^ii i*»W( ,>j ■ J^ i> -».J il <\M 

:lB-23 Jli U& ju* ML jl V fjJ1 lT* j 111 j 1 -^ fl*« * ^ W^ ^^ ^ 



( ! ) 



A 1 



Mv> 



IxjlJ ^JfiU i*jli* jV>Wl 



^jj 4jj^ jjJI j^I ^11 o*^ 3j ^ ! J M ^ #£► !^ 18-23 

^Li JLSII jji\ bi . J^JI ^ 1^ ybbU 6ti^ ^Ui Jl 4i> J^y 

jL^I jLi cUJj^ Wjh* o^ J! I>+* 3Mi) ^> J ^J ' ^ ^J 1 " 

ii^UJL JUu (Jj-i ^j*il lM> 



efli 



( j*iil jUiJI jiljj ) j# iiBJI Jjill 



/.i. 



jljUU ^1 



— ^ ■» 



Tl jy-Juj jL^JI U* ,> tiuulll ^liJL Ijj**m 3JUJI (Is jj yljJeJJ Lk* yj5yj 



J-t^ 



■il 



?-jljJ' ifiUil 




Ijj . ^wjjil v_vL> ,> jllja ^-£*J*JJ j'-H^ ^U-d] 0^{ 

yjill^l 18-11 




IW *^ii 



.■■l_LLLH 



1 20(1 W 




sJOW 



120W WA^ 

i 




Mjj? iLi^ii , UjU Jilj JWI 4#j*£JI jtyjfl j>>j Jb jjjIm* US] &£f 
Ij4$ IjLm J^ ,j±» ji^Ja ijle tj* J^jjjl JliUl u^j . * 120 V ^ 

Utiili Lylill'glj i W? fc, ywl&J UyU ijjyJI J ii>j ; 4Ljlij ilitl US 

. ( ijij^JU Jsi Ijjjj ,>& 



20 A jl ^ iljL^ J_i>3 i^ .ifiUill 



jLujj 



yi 



^11 pLy, ^jj 



^_a) J— bjj JjfnAll CiljLJ! (j_( Lj&jLI 4JI J* ojikj- jji 6j>mj ijJ> jjJ 

^i LlhaU siiLJl J*aS UAfi jiijj . ilO /u J\yi\ j£ DjIljU .iLU il ( juj ) 
jJh«ail £>j J^UI Jy_> £jJj#* t^j'jf 1 * y^-* LH ^^^ J}** V' J iJi^J 

Jidll ) - UUjJl - JiUlll ^> o_e Jjill J| >* jillj 120 V i^Jl jj 
^■j :£JL Ujj jl L* jLj* jj StUj ikflj j£ lifjti i»i Jauj , ( 18-24 
jiij UjXfj . uiiJJJI ji^JI lSJ JUL J-jjJ ji^l J^LJI >J 1 JLJI j^l 
j+^Jl jj 4lLJlj . jl^l JlLi JJjOJI Lh^ oLL>^I fiJJ b jl+* fit* 

J^^JL ^ ^UiL iJJSi £+J 120 V tjlM* i^ J^ jJI 3^-S'l > j|JS3j 
jltail jLL^Tl ^1 ^i JL ^ till . jWU ^jJI jltjj ^1 J- u« 

Jl ,*Ju^il -4_ >J [ jJLd J^b- frt j$ Jifi yu Lai jdjlL jiL* JLbjI iii*J iiiJLi 

k « L^li? » jl+^Jl *rt fill J! 6*ji J1»JI IJi $ jjjl ilL i|U* ^ #1 lij 

: 16-24 js*i J 1 -^ 1 ii-i 'LU-li' 30 W L^_jil iL_u ■U^_J ji'l ; LuJl jlj&i ^jll ■■ ">■ ■ 

iMj^A**»u C dLjj!&jfc ^, , i ^ p = co w j , w 1. - j| 1 ^ _ ^ >u , _^ 18 . 24 



ijp 



:i:.\;'\ a 



. Ljj^ UIj Lli* jit j^-IjL iLsUjI iujjSJl jjili aASji jjijj jJI ±f*l\ jji Ljiiu » 

(cit) ^1 i^jj jili illi -ui j^itj J jj Ji j^,ii :(i jlji 
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(jiiiljyj|jiljj)jS*j*l3Il^ifl 



jku U* t JJIL3 . i = 0,500 A ikaJl ji jlll jL^l $ 120 V iJWi u« J 
0.167 Aj^jljJi jL(_^ v^-mj '■ 10.0 A bjUL IjL£ u^ ^ j*^ 1 ^**** 
■L^l ^j J_S ±J 1% , 1.00 A kftf^J Ltfili 120 W 1*3*4 ^i il^JI Ll 
s jU Jjill ijib J*Sj . j+jJI J^* jf *H ;L«II > H-667 A <*j»** U jli li* 
. JJbJI aia jJ >> iiU* ^ J IjJj 15 A ^ JL ^ jfft^ 

. 18-24 JiAJI J j^jJ 
^ Lp4«tli |jls iijjL iiiuu!l jj£j L>JLrf . f*Ltf] iijju <4jUi ijLj> j*4J' i>j 
j^S* £»Jj 120 V fete j*j Ji\ a^JI ^Mif oJLjj |jj l+^i J* , Ij» I#$ o*£ 
jbjj L^-idjUu ^Li Ji o_* ti— jj LSj . ^U^l U-jJ JJ Lii-l— j**i ^j^ 1 

Ltukt '!_■ -■ L,jJ ^i L^jj |j[j . LfcjU lL*wll liljllj OjJiH iyS gt* -^ J** 1 

: $MjuUij( 1 120V t 60WL^ 

P - VU T 



60 W = 



(120 vr 



ff = 240 tt 

ijjtll 5jlj_» i>jj jrf iWSl »i* iqfr ill 18- 1 J15H ji lljij J* LJ o*> ji 

,37fijN 



$_j '^j, M ^Jut i^ji ^juJi 

jitj d '* wD fti'jj fj*< ^,j hj**jj 
uL-jjii) ^liuSl j^Jfill ^U*i !> 

Jji_S V> J|j|lj<Jllyij. jjrfil 

ftJSfj yiijfi J\ Ijyjls ilviJi kiii 
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( ju*A\ jLuJI jj^jj ) ji* !>IjJI JidiJ' 



^*LAi 18-12 



jLt jl J_t| J rt-JJ yl lljif ylJ i **J J5 4jjb vf£j1 Sj^^l *J*J-«J 'Jul CLu-> 

. Uflj Ui^> &*j*3 jJ jf ( tjj^l ^ji> *Uel Jl jl ) LM^jJlj .J5J1 o!^Jtf Jto 

j— aJI jmi ij_>Jl iUj i LIaJI tjiLlij jLij Is jjls jfi-ail jLiil J*. i]| J^ 

*4k^ uiftKill jli j^Sl jl 0.001 A jUdl ^ Ltj^j . <fi& i* jljiJI jy ii JJI 

■ilUl oik ji ukU> II yaijjl y[i 0.01 A 4jj*t jUli ili* Ltl . ItJ^JL ^L^jll 

0,02 Jj jLoJI Jjj Ijjj . fak j^j jJI cdLtf J^ J$\ $ ut 0* J^ 1 

JLaj , ^juJuiJl i_i Sjjji juiiill jW-^' *=j^aiJ ^J*i V4^ ^ f j^' J^* j*J A 

'i_iXJJl L ya-iiJ jl -jtuUl j*l . j""~; <ulj r*i" yJJj *l >>lj I H* i-iLrtll -_jft m 

. h_J*& j_L>J Lc>jju Cji' iiill jLS "ijj t jl— JJ ii 1 <_u^ ji J^ j^a.-1 jjjk jj 

OLJftj fJJV i_Jill o)La£ jl* kJaJl ULlg J^i 0.1 A jS^ 4jAi jlj j*j Uilij 
wIjj ''J ujJdJI jl tf jJ ( 4xoiw oL^3>l <uU ijlLv; J ji ) -ulilu j^j Uhj^ 

5 jjJai* Lij ja. ciij^vj jlii ji 1 A LfJjw oljL^j yii oLjH( ^ij JJJ Jum J**!l 

jj Jj^M* jl fri ajjll ^j . l^J^-U aLiiiJI Jil^J 4j? JttJ Mil tf3 Jf^JI 
OjL-JI b*^ JJAA J^ j> J*l otJj|*Jl jm Jj' 5JJ JJ J^J»J I J^U ^4* j*rfJ 

^^^Vt; U^le tjLi jjJ; o3->_jj ^! jj^ *tf dJI 1l| i ijUJl j^ ^ jJjSS Uoic 

jLi l'^-j — ij lilf IjJji' iu>i Jiil>j jl jiif ^ iili*> jl i Ailjjlj . w'UI ,jA>As 

. }LLe Jj-l^ L'Sli- ^b 
. jJiiil CjjJI Lllli uu 120 V 'ji^i- sJU 1 Jlj jii i ^j jjJaJ I yA^ ^ij 
sUll l-ujLjI j+* j-fc ji* l*ilj jj^i IjJj u^^L; i/ljJl ^^L j*I jIbjj L LUj 

■*■ ;-^; S ( fcuLJl ) JUlL i 1 j>1j^I udL> J djw^ Ojji jJU 1 u^jjjl . JyJU 
iU«J Ob ^ i^lj llj *U>^jl (»1j* J^ i> yij lij - LJa£ _ X^M Ja_j. ^j£j 

Jj^iS* dU yU j-^i Jjj ) J\ili t^lj J ^jjjil j+*J( d-' dUI ^jU d^ 
, yijSl JJ Jj-*^ JtL> jJjJJ l^Afl ul» ( itt» i J^ &&" j ii^j J* 1 -* 

* UlM^ll LlJ^l J— U»JI LjjiA* yij yiijVlj 4Jj-*^ jjf OiJIj J*^JI JLull liyJiJ 

. tljj^iX >JJ iUj-^ 4*jjJ l^fcS 6>^ J-^ 1 ^ J 1 ^- J*- 1 ^' j^l l?1* J^^J 
c^ ^jl jJ » JLill Jjj^ jii* , j^j-I jSLl ^ i^Li* Jiiyt oj>j jjj 

j p 

5jUI Lttjiiil 3^ljJI ^ JJjj i JjUj Jl* 4- j)> Uiljj #Xf k« /L^i 



( jijUl jUJJ1 yljj } jte &W\ J*I1 




LVyVJfl 



^ ( Jl* L^ ^l s^i j>l ji> dU dJ jj* 3*^5 m**I ^j*; ^t 

, »UI J ijj** jl »tll j^i* J* g^ tfj^l di dillS jJ ^ij Ail I*kJl 
iSl ,jA uOja dU* $ 50 V £t A+*J j/ jlj Ijti , L\iL*l J5U jl^li fijt 

dy,l> IjL) . j^ii UjU SjU Lii ji liU- La* JjXlIj itUl jIv* *^ d&j 

ijjltuU ^>J! j^Jtj (EMF) ^j^SIl UUI S^ 1 18 " 13 



:18-25 Jli 



. ^lyj jijtii j**ii j> iLJ .j# Ujjj 5I1 ^j 



i) i(L (em!) I^j*i ttllJ i ji 



V.n^faosuis^ljl ^^^j^^oj^^^^^^i^l^ 




, LjlLJ] ^liil Sjiljfl ^^ r iJiUl 4*jttll BJi 18-25 Ji^l ^ . ^ 

IjJiJf Lp^i LjL- L^^ jh j*j?JI 3> Cy^ f^ (>J ■ r W* 1 ^ ^' 
t — I jjti 18-26 Jiill J US' * ^p- ffi* j#* W ^ ^Oi jk . 1^ 

3* ,>jjjlall j^c J+*J! Jgij - . i uj& j^l 



. r ig-Jrji 

( a*^ii »iai ) = r « + /r = Vt = ^jkJi if*Ji 



{ jiJ[ jLOJI jiljj ) ji* ^m J<Wl 



12 V 



311+0.0111 



MA 







:18-27 Jii 



Vr = 12V-(4AKQ.01Q)-11.96V 

iLsii 3 II iijlw jjjj^ jjjl jLgjJI yli 1.0 Q OjU j5* Li.il] LjlkJJ y>Ul 

J = M, 3 . 0A 
4iJ 

^jiii ^JJi j^aJI Ui 

VT-12V-3,DV = y,(JV 

100 A pu uj>-j jjLJf ^li ^sJl ^jL J^Lii juc ^i < tk^ij ^ J j^ 

Jlij - SJJJ* ^jL5 jjj ^ . VjMJ J*£JI ■***" t>ii^ Jijiij I *JjM ,> 

. if J>L 

? 18-27 J&Jl ji c^jlkJl ^ J5J JjjUl a^l ^ I, 

■ _ it * i * jy **-' 

f iuijiJi jj^>Jl ^ ii/l J ^k jjjl I : Jlj* 

jj ^ijJ^JaJ I jjj J43JI yU> dJd^ LjyjJj-'Jl jJjujiiil iJju djl Lu ! 4il>Vl 

: a Lfc&l! ^* ^jL l hU\ vj^ 4Sj» *M ji jjilil J>> IJ_h 'Jl : *4^ 

-fi v - 7(0.90 n) - 7(8 n) - /(o. 10 a + 24 V) - 

/= 18V =2.00 A 

9.0 (I 

f jijkJI j^JI iJjLm ^4 L. : Jljj 
. && iijk$ cjli jJ v>yi EjL;) 1 ! *jik^ jjjl i% . Yt- i£ + Ir ; if 1*1(1 

: 24V^O V^L; iiiiWij^Wi 
V T -24V-(2A)(n.lOQ) = 23.ftV 
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(^1jUljiljj)ji*j*W>iJI 



Vt = 6Vi-©A)(0.&Q) = 7,8V 



0.15 




4,1 4,1 4.3 4.4 
7 (X] 

18-28 JU 

. 1911 ^ jiijijl 4^*j 



Sua »^ 



0.01 
0.40 
LIS 

4.1& 
7.18 
9.46 






4.25 i M ; w 50%.j^50% 
17,5 ^ jl 25% . ^j^; 75% 
18.0 jwISS^ij^j*^ 



tfUIl U^i 
L. JJi ^ l* > Ji-jll J*L J^> oL^lll ^ (^ Ijj3 6^1 o/ 1 ^" V 

^ eUj^u Mj . jitii >^i ^ yj& Vj* oL *j j *** ^^ ^ 

J 1&-2 bJl ji Lv^jj jJs , 4^>Ji lyllU ji **»j15I1 & - jL*fii- 6 ^/ ^ 

lilt ;m U* uyL**i U Ci» < iW 1 ^ ^ W J ^° Uili J ■ *M 
f jj J*fc Ljlj* lilt Jj J>*^ * IjM ji l*^ i-M ^ ^ 
^U; U-jlI jljjl ij*. L-.U. J 18-4 f-ill jJ L^>^ . ^LjUJI 

Uty U yji 1908 flj ji* Jjull jj J-*k ^jJ- o^jj ^ji ^L£) 
L. Jj 20 K ^i gj iSj^J 1 ^ ^ ^ L y£ ^' ' ^ Ul ^i^ 1 

^LbOl; uiUW^II ji ^U o^i m jX ^& ui Ji 25 K o^ jiJl »j'^ 
j*WI Uj^ 19DS r U J^ i ^ S ; ly oWjJ J! ^ ^ $**f> ^ l 

^ J,b^ ) (Ui ^« &J\ *#fi* $ ■ J 5 ^ 1 f J^ 1 ^J 1 ^ ^ & 
L>jo JiJtf j-UI J! ( AT « 0.01 If ijij*Jl <*jJ >^' dn ^ j5 10° J* 

. L?j*JI Sjl_^Jl ^UjJ ^ ) ^^ 'J 1 ^ ^^J J ^ "^J^ 1 ^J 1 * 11 J! 
t*oJj 5jIj*J1 c^-jjJ «3^« ^ ia ~* ^J-^ 1 ^**^J ■ ( * 

ijU Liit jjj . <U ji"H »>jw Wi f i ^ ^ ^ , * ,l W ^i 1 " ^^ 

u l UuJ^J ( l> OybJl jj ^ fl 0*UjII ^j^ 6»>^ . L^l ^ 
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( j*judl ji^iJI jiljj ) jitf yjljjl JjuJI 



ill JLiofl ji* jjLj jj pbf ^ji ^i ^ , ^U^JJ Ljij* uU» JJ rij^tb 
^J 3jUl iijLHl ^1 £_»y jjj i cjyi iUj Jo* &$&** &1*^ *k»l>! ^Ijj 
'■f-f J— <". t**i T* ii* ^J>*j tfMj 4*»j!il! ji ^Wt y^Lw'Jl jl mj£*j lifJj 

V 

iftUjgjliftl L£j*Uyj J& Jj4 i ftlill i^jJJ JV&* ^_^ j,h*j j^£y Jj 
y £i IjilS £fM ji^4 .. g i jyS . J t ftjjjj ■ £ **J u(k i957 f^ ?! 
jJJl M-^Jii 'L*j i-L^iH yj 1972 *L* JyJ ojiLv l^li jj_j l lijJi **jL* 



i* 



pL^j ilJii l^l i ^Siyi i^*. i^Jl olio J*UlJ[ I j» P-USf 5jJJI ^U- ^ 

UU? (jLi 2* j> ^Jji jJjJI ijtjji l^jj ^j^ Uilti . BCS 3_./il liJaj 
LRyi JJii jl Ij-a ^ . J*|ll Jil* IjMj lf.LSl Cm ^ >T ajj^! J! 
<J-»>j ^jjJl i.L-uUl jji _Juu Lsi . Ju ^V.--' jUdL dLlib ji-i llj t J-sJl 

JiU; ji> ^ cjLUf JjLj iLsip ^j£ij , , iiii_i^iJl iijUl jit! ^i Lp^i 
(^l*LLlJl aiJj^Sl^l Cw SlLil aLJ> yUll ^1 6^j^l 6^j^S)'l t^ j^^ 

J^*kJJ*> °"jj^ 'j| '^ *J^ ^'"** 1?*} ) ^ ^' m J>J-Jw'ji* Z}'£ ll4 f^I J^iJ " 

,>■ ..Ufl ^ufl^i J_^ LlA ^ US ( 3J4J! jj) iUjjiSJ'il to j*UJI 

( jjjJoI^Ail j ^.iJ-lijf'JI jjJLy^till ^jji-il^ll dj—^j 'jjjj jj£j dJJit j^j'-aI* 
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( jiUI jUiJI jiljj ) ji* ^U)l j*iii 



^ t UbJI 3J4 jij Uul^u Jjjl p ijU d*5L J-sjll J^> Jj^^iJI oCjj^JJ 
J-*yi i-cjlt* 7J.AI li^Jj oL?jjj£J^ij 41iju*II iljj foi 4JILU JjLj JUa ^i 

20-12 4JtJl JJ tLjlLikJl ^Uw ^v^ jj* ilJilj , t^kLiill LrljJ jju Jjil 
liJbj . uM ^j^Lb^U L^L^il ^IjiJI JjUw j>T il>i> l^lsi* ^Lu ii,j> 
Lku^ij ytfU>J^)l LUl^ LfrjjJI 5jJj.mll ciLj-jj ^tJL*5U J *-*«" ^ j< 
UiWij WJ Jj-jll ui ^ * ^ JiLJl rii UJf yL# 1 j^l J*->pJl* 
jLj i jjUJi J_^jjJI Sjfllii 5jj J*i jjujjl Jijui'l jl jlij . JLJl£l/l JbaL l^jlf 

oij jIjj jI_^[ bueiyi jlaiii ^ ^ jj. . jAi jii iiiii Ujji L^iiukiji 

4-jIc Jj*a»J1 ^ Jill t JjLJI ^j^l ^ t ^jjiiiJ! £jLi£ i+jj j^s TV 

jl i> JJJJJ jjil Ojlj> i>jj Jj l J>^ ijj^ LLi Sjl M* ±uLi Jl* LwjU 77 K 

. (>Jji*Jl ijjjj^ ^* ol^JuiUfl! iJ«iuj Ja3 dij^ if i- 4^-j> 4^-jj 

^UjLs £ <, 77 K j»j ^>j>JI ol*jj)l olJ 4j3 j3J I jyrflSi'i |> sjjj^ liiyi ^!i 
tjljp* oL»j.J Jjtf Oiili 4^Liy jljil oil ^iJuj ^JLUjj . 4Jyi*J[l dii>JJ LSja 

sjj ,jj jJLpi llj5 J (^i>UI £>* jjif j*ijj . JJiL L^Ij jj£i j 120 K Jj J^: 

Jlj II JjJIyJI |)-» !jj2' JLa ;|l $ip&i Oij^ ji -^ - vh/^ 1 J, 1 ''-- 1 ,J lA* 
Jy — .Si LftLsJ Lfj*^ ^ llj Li* iujjivJl jy^^l ji JJ dJij i^Ai 1 i^ 

. ijIaJI j|jj«!I Jll> DJ^jj j|4J Ul£ ^Jju^ 4*iJj* 'iU'jJ olji 



fLOll JUI 



; ^1* 1jj15 jj£ jl v*,! J^iJl ll» ci^jI Jj p 
J*Ljh ( j ) ; *jSl| { j ) t iUjldll [ -*) <, »ji j^ii ( j ) t j^jSl fja-) i jLJl (w) 1 j4Ul jLllI Ji/b ( i ) J/j i^i 1 

U>|jJl Itjliil { _» ) t iujfiJI 4*jUI DjiJIj jijkJI ipJf jji { 4 J . tiii£l| lijltll ( il ) . t ^jljlJI ^j 



( j*U1 jLotl jiljj ) ji* &\$l\ J*iJI 



. lb^ oYl> ^ / = Ay/Ai "&&jM *jj*lz ji 2 

, SjilJ ^ «h*JI iiiUI ^ ipjl jjj jSi; ^ . ik^ " }j ;ia! ^yi ^jji ^ij J 3 

. LSjjm ^jUIl J^i- jLjH aL^I ^£, U^ic Ja'l j^* jJLc U (tjU* jijJs Jl _£k ji 4 

. LjL» oll> jj »jl jjjlj bji*jui«j ji 5 

. isJj« oUl jjU t^jlJU o,'L5 IjJ dUl jj iJlju ^aJ*3 liiliL ' t !■■■«-' jl 6 

bj-* < ^?j ,i ^ ij'j-*Jl *-^"j J f* ^jJ*J JutUtj. iujlili (jjSj Ljie 41iaj 5jlj> i^-jj it* d!L ^ilL L-uiJ ji 7 

, j*Wll jWl Jj^ ci>J Jii. jji L.IL ji *jU* ^ 4**&ll ji foyj&l ijjH\ {£hu} P = JV SjjuUl <JjUa siKUJ ji 8 

. J^jjU iUill L*li jjL; ji 9 

. iiUi£*j ^ ciLj&j i objlkj jie ^ji>jj jljjJl J* <LaJU ijiU ^JL <J^j^] bj^l iijtm ^^ ^ 10 

. ,yl£* ji>Ij .j(m ^ iijIjjJI ^ Jljif ^ Ujbll ^UjUJI j* jJww lt_j*^* Jji>J ji 11 

. otaj c*UjK*j . *l{)IJ»i J* Jj 1 ^ ^ j&*ll jUl j%J J*J uij^jji jJJ*li pJ^J-J J 13 

. ij^yu UjJJy JJI )J4^ *i ji£ LjJJJ 4Jyif OjjUD uil^if 

, jLill j£i i^j j* iLu Lu^ Lii^ JUu jl 11 

ij| jjjpWi Aj^ji lj^^sj jlj . l^jj^ji yyi L^jjij CjU i+iij ^ u hju jp\ a^i ji ^ ^ ji is 



1 ampere (A.) = 1 C/s 



Ichmffi)-1WA 



W)^^ljUiJlii>j 



, ii*jll tla^Jl jLj-i okjl j* jLjJI dUjI jji^j 

Ml jjjlij (£) ijjiil! 

■U* .'-I dull hLulll jdbiJI j£ J-H^' J j* l^J iJ-tJl LjJI Ji 5 jjljll -obi ^ -aiii! ( ii^fl iil|j>u ) Ittlill J ju 
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( j*141 jl^JI jjljj J j^i* ^liJI j^iJI 



i_^j . jjJUl ^i ^ Jii^ y J5 ^j jljj J5 jjj frl Sj[ JJ^i L. ijfr JJ*d JjjyJ ^tf is ptiiOU ju* 1 

^ 5_WI s^Li &J*' : &it}A?l. JsH\ J* iii* ju-Ij jL; j]j l^i ^ Uffi J5" Jb: M 6J*U #& ^ 2 

. jLoJl *LjjT| JjLil 
, ijSUfJ j^Up {> fJ^i^ Li*lj j-^ Jil! ^ ,^Jw Uliij 5j^= J5 Jt "pjyJ! j^Lj iii£« 3 

: Jj \j£ ii-jii a^JI ©1^ aApfi LvJJL 4 

, <^di v* r ^oi jj Mi lJL yjJi 6< ^ Uji# AV= n?/c oiii£ii.^ 

, LJU 5jU| i>J^ jL^I dJU LvJL J*ll $ liljlJll j* 1 * litU. IaUjI ojjiil I jj 5 
(JfjSWjic) Bn, = Jli 4 Aa + fls + ...... +fl B 






'a 



oJLi Iji ) JJw j^_> jp L^ J_£J i|£ U^ jLdl ^ ^1\ ^ J jj^jl Je, UJ ^UjWl JS Ja*j 2 
IJI ) UiiKi jjjiu olj^j Ji>: LLj i^JI jy ^ JjibJl ^ ^ ^j ^i jji^Ji ^L: iWi oUjIaJI Jl) ^ 3 

U Ljiy jjjIiJt j^sJIj (EMF) i*#£i\ UIjJI $jHi 

; Vt JUaJI jj^l i^JI ^1* J^ -jg ;> ,jty /r jlSJJ i^JI jji ^[i / IjL LjiLJl 

; «wu ijkll i^>JI ;>ji i ( l$I>j jl* ) / IjLu ih: ^tLJl ^15" 1)1 Ul 
W = * + ir 

. SjilJ I^Jy jjill jLu]I jlj UK SjiljU lUu.iaj Ljlkjjl jwJfcLw jjjl i|j»J| Ja*^ 1 
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( jjdJl jUjJI jjIjj ) y& u*U)l J-«Il 



. Jji»ij]l LpjjLi i£*jlj V; ! ^' )** J 'j ^j ■ 4-5 i>JJ*l' W^ i"jj£ Li -JjS' "4i^ *^ lj 'J* >*** 'ji^ 

If JLt'Sfl jLf^>Jl ojit jiJl ^i U mLU lJjIj 

4_jiLl; ^Ul j-i jiJli Itjj iuu CjlLujjIaJI *1&A{1\ (jjj I *I>ljJi i3QsJ[ |> jJAJl ^ JUm-jI JJS t}\ ^i**J 
rj-i' ■ jiLJj SinJ ^'U lij£i jl Jju L*Jiji* ^^Ij CU-ijjli iii-aj ji*J jjfl+Ij jl ^j'- 5 " • ***_£• ^Wi 

ji P yi boji J/ jjij { f ) i8-i j> jiui ^ 4 

. Lull JLj oLlI ^U_ul LB JjW^Wl JiAW tJJ-U jlj_> 

%S jlj-jJI JJ-IJ J! <ii-» OjjjI jj tk_y *U lli Lily 

ijJIjJIj LpLLl SjJIjll j^ <^]l 4-%-jI jj_> , jiiJl 



■■' 





-I 



•\ 



vb 



1B-1 f Jii 



(f) 



(VJ 



. JSS1 LuJJL ijjlkl L^Lj JljJl Aci t h IUHI Jj (i ILLII & i^l 
t bta^JI J LjLL j^ [p Lilij j$ &&I l.jUUt ij5j J!>JI Jt iLaJl oUjtuU kJL : JUJI ^J! ^il 6 

jLfj»JU JJU olj_>^i j!i' a^vil Ja-j^fl ^ILaJl JM* j*. 0,02 A j*i ijUU IjL: ^1 . j_j>Sl jJI Jl ^ Ji>! 

j^ jOl jjuhJi ^j . iiiL^ Lijju ^ jii <^>Ju. Ji£t ^^ ^JLalLI Jj^jil 1 J&* jJ* ^AJ -^! ^ 8 

V QUI . J4*J1 ,y I«J yjj Jl o*A U«^ ^i i> f*^ 1 ^ 0-02 ^F "O^u JjiiJ 0* 2^F 4i*^ JiiJ 
^ dU( ^*-ij^ j^ii isjJb> o[| jJi> j jjwy If IjLJi ( C.5j^)| g* J jUf >4*JI J5Li ji* jjiMix- 9 

f JjU] ijlw 
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( _^41 jUdfl jiljj ) jte ^>0l >tf 



* JiLJf bLj> J* jk> iii JJL* jjii Jaj * ''uj^Ji jidi^ ILali JlU^ £}jA Li* ^Jj^ja* j^ ( 4JLs5 ) 
oLi jJ Lm j^ jk»i ; lJ?J\ ^/i\ j^lkli ^i ^ Ujuui Vy* V J ^ Jj^* ■^ J u*l y< ^ v^ 1 rr 11 '^ 

. J Oil Jilkll J l1u£ Liif u ji illLJf ^ill ._^JJ' 
':' IjU . BjjitaJl ill/ i^^Aw j| (ji?^ ^ yjSJ Jj£ *U>i"i^! \j0)P- LW ^J*^ *^+^ J*** # J 'j jl+^ JU"J t)l 13 

18-2 j 18-1 jUJJI 

Li (ij) f il*L jujI J 4LjJI Jlt> j*j jJI HiyiJf jIjL j* L ( I ) , s»Uj U^ Jy> 0.5 A ojIjJL* jl^J jj« 1 

t 72 A ^U 

jLf ^- <> ^jlkJI J] <IilUI 4i>uiJt jIjL U 8.0 h 1J, lijki JlL> 3,6 A ojIju IjLy ^jUajJJ £>*•£ jUj* iiyi^ 4 

? ij^l iii j^i LjLkJl ^ ijLlI il»JJ! ; ljL U , 12 h iiL 2.2 A ijIjaj IjUj L JjL-. ^.IL j^p .5 
k*.jji ^ U , L.O'X W m/a UjIja* ipj*^ 2,0 m ^ J^ ^Ij jU+ J> +1-S p C Ujljij &jjii+ il*,i jjjJ 6 • 

? tfjjtH J isilijijJSH! L>J Jjlill jL^I ^ U iyU Ji %« Uii ^if lil^ U^] ^.2 x 10 li! ^jW 7 

18r4jl8-3jU^I 
J UL^uJl LijLt« j* L, . 40 mA Oj^ jlll j'^li jli *W 3,0 Vl^y^* ^Luu LjlL J^j; ji* 8 

f 120 V SjlA J^fJJ ;-Uj Jj Lj-Ih*^ **» Ui J*i ^ jW J* I* ■ 300 fi 5*UJ U^Aj J^J5 iltjlii /LLy 9 

i s.o v ijjjj 

T jL^JJ yi*iJi ^jliil ^ Li . 120 V BjIjI* j^^^s^j ^ 2.4 A ajljL IjL^ ijjJLLl j^Wl jL^ ^viw 11 

T 025A ^ jUl jLutl jLi lil 240 Q rJ iL ^ j^l jy ^ U 12 
i^JI ii pi> ( i ) Lijjus jt^iJI 3ii iJLi« ■£ . 120 V pj^ jJjwj tLujjj jli 0,40 A Cjlji* IjLy U ijlii J**j 18 ■ 

U44Vj!^l^l(v) *9fiVJJ 
ijl 5^)1 LW l^jii* ^ U . J^l jJj liM iimj l.B V L^l* JS 3y o^Hv ^ W A J*^ v^ r^ 14 ■ 

f 0.60 A tjkfe ijltf v>-^ *t«tf 
. .jlilf LjlL j^ji . 9 V tj* jfjJl jji ^ji; UjIp »jli* J 1 ^ <*L SjJ jj^J 6,0 K 10' 1 L*_,l & ilO 15 
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( ySj\ jUJl jlljj ) jfc ^$\ J.jyJl 



, 2G°C ojlj* Ujjj aie 1.6 mm ojLSj 24 m d^ «s^ i> ilU- Ljtb i>ji 16 

. 20°C tj^ 3*jj jws 0.160 m ij&j 40 cm *}£ Loiil & dL L^li* ju*.ji 17 

0.8 A u^i jV jjjj v^j 9 V l^ji LjlU *K diJI J^jL Jij Jj^l ^bdl JJI &. !_£ L^LL ^-J Jfi i 

? &£JL> Ul Jjt ^L f£ . 0.S0 mm j* JJI ^ ^jjdl .jjfjl ■$ $ Jli , -d*iL JJLJl ^ 
j_Li!l II* JJ* y jUl jltfll siil jJ^l $U$| j*j , 1.024 mm u^ U 18 Wj ^ill ^JjJI dU jU jlL 19 ■ 
,>* 20 m IfJjb US <«jLL j*ji ( i ) . ( |1* liiL ^ JJI $ |j* ps ; LDI j^ |jj ) . 12 A y JJI y* 
J^f fi^K I3| < I ) J yail JJI uLS ^ijj, ^ i^Jl jy ^ ^ [V ) . 20*C ojlj> i>y jj* dUl lit 

TiaAijilj^ 
JJI ^ JjL ^i ja L , Jj^ LJS^S $U 4lui ji ^ djL £h ji, JSf 0.25 £1 UijIJb JL JjftU jlji 20 

I 750 fl Jjs Jjjj J ^n "^ iH-U yfll fytiil ^ 121 4*Ij*^I j5^ 
a*j£* jj j^jsH jljuu L , 5jlj»JI i*_,j ^Uj ^ 20 D C ju* 30 fl <i»j!L ^" -^-" dL ^ Jl, ^1 j*U jjni 21 

f 20 n C |> V j*J1j 4T jlji« SjIjJI UjJ jjg& Uiie 
jijjS, JiJI I^IL il ^i , 1,0 mm &Jai iijj tfijl ij£» J5^l dL &t Qj* ota ^ o*^ 1 j**** A^ 22 

j ^4^51) _^ ^ dLII Jjt j£ f£ 25 SJ tiiJ ^ iOLS Ijli . 10~ 6 fi.m jjU 
EjUjJI ^j ^ Ljlill jjAJ JjI* ^ L . SO^C j^ 160,8 fi j * 20 ; C jJx 156.S Si JJI & JL <«j|u ^ 23 

J JUI ij* »ill 
? 36"C Jj 15 (> ajjIjp- l^jj jiAZ Lik ^j'f, ml| £n dU iijlL _vyu] Lyjl LJJf j» U 24 
? 20 D C ii# y^Li^Jull UijlL ^Ji ^n ^jI^Jl i^jUt ^5w ij\j* UjJ Li juj: 25 
Ldifl Cm ^^ J ji ^ Li . 6 V L#jji L^O^ ^ Uju# 0.2 A PjIjL IjW 3 m <J^ j*uJI ^ dL J*i« 26 ■ 

? t^i a V L3y Ijj^ ^j Ua^ j^JJI ^ >^ 

18-5 pAN 

j^- J_«; U^x l^jli* j U (v) I ^*«J JiJf jMJl jl*t L, { t ) . 100W/120V yb p J^ s^L} «Lb 27 

f-lSOVijIiL 

» 4iyli* ^ U (v) V iM^j (iill jLjifl jloSt U ( t ) . 120 V pjl jL Of* jji J*J 15 W ^j5 il^Ji r U «- 2fi 
jb 120 V fjlib ^j*u olijll Jjj; L^£, , 4 m 4Jjt ^^^JuJl dL ,> u/ SIJ^ ^j jj^aJl j*^ jddj 29 ■ 

! JJJ ^jaUI .JsiJI o-L* ^ U , djjjU! ^ 1500 W '"^ --j 450°C Jl ^J J#Jltl ijl^* i*jj 
pij: j^l ? S8 5 C Jl 23°C ^ iUI q. 300 g 3jlj» ^j ^ Ji 500 W ^ji j^ aliw ,^1^ oJjJI ^* ^ 30 

, sjiLfJl »L^1l J] *jlj*il -wi ii' J_)^j 
^JH "JLUi jlai* U , 280 mA tj lj]L IjU ^*-j ^ 9 V ^ h^ l^Jl oUljtwVl J^J ji** J^ 31 

I djjJI (jw jjll jUil j!jL L . 120 V Oji a^U liisj J-i ( ^U> ) 0.5 bp Gj& ^ 32 

oij jj^ ^J> (o) V 5 min. EjiJ ^s 75 W L^ji j»Uu iij-w I+jlU Jl] ( ^\j> l^Jaw ) uUJI ^IjL U ( i ) 33 

v ; jyi pi* ,i di+i*^ **l 

-705- 



( jiLill jLjJ! jjijj ) ji* jjLUI JwiJl 



iLju ^ -JUll ijLjjf v^ V-^ 1 ^ ^ , 132 V tjJi*J ifjJl ^jjIj ^j^S k* j*> ,y ^lii dtfjl <ij^ 34 

? jJZ II LfitjU. ji y*jl< 60 W/120V **liji 8*UJ fk** 
LfiUfU & liiUl ,> i*L_ ctfj jJ^SIi M* I- , L^ 12 h U 200 W «3jJ hUII ^ ojL"il t^Lu j>1 J*^ 35 

ls-ioJiis-fl^Lfri 

. j;Jyll ^k (y) j JUN ,^k ( i ) ,>r Ljj 10 fl > 6 fl t 4 £1 i 2fl oLjtttl! UtlSil LjLtll *>jl 36 
^ L . 4 £1 pjU* £* JljjJI Jt fej*?Jl ^ ^ i jjljill jk 6fl i 3D t 2 Q j* al^tti &$ i&j 37 

t up*,}] ^ilill Itjlill 

L ( V ) , fcj^JJ OMSK mill ^.ji ( I ) . 9 V ^ m Jljill > 10 ii i 2 £1 j 6 Q oLjk iW oL,j 33 

§ rJ lLjS jijlUj^ljl* 
jLmJI (w) . LejisJI ULSJi 4*jUII ( i ) j*jJ . 9 V ^jLL ^ ^jljjJl ^k tijUl iiUl j ^Ujfcll oL»j 39 

, S^UJI Lkjy aj-jl , 2.5 A ttl£i Ljlill J5& jtll jLjlll ^ , 3^LL ^ ^1 Jt 6 Q j 4 II aUjIill J*j 40 ■ 
yjaUl jLUl ( V ) j k^ iiMil ojliii ( I ) J*j! . % = 3,0 V lailf j 6 ft sjlJSi 1S-2 f J&Jl ^ t y% J* 41 

. ^Us#II ^ 

tM J-S oiLS U« i 4 12 uJj\ oLjlill ,> J* ^tf IS-2 p JiiJl ji 42 ■ 

jLyJl (y) j 3_ej**JJ 4_iil£lf UjISil ( i ) a*jI . G SI L#^ ^Ujlill 

. % = 3.0 V ailS 1 31 hjUi & y^sUl 

. j^Jjl ^ijttU J)li jlil jLil a^-jI 42 |Jj i]Lll j 43 ■ 
18-2 ij£4 

215 V jj 10 £1 rJ Lill ^ j+^JI ^ u^j - J+*U jJ-» ^ Jl>ill .J* 10 >\< 8 U-u.1 ^UjlL >j 44 i 
. 1 .2 A jj 8 Q pjlill J^U jUI jLjil jtSj . i^J j^ j^ jjl^l jk 4-1 UUl ^ o f ^ ( &UjBW J-j 45 ■ 



Lk.yi, S JJUI ijX L.i* ( i ) , 18 3 r Jii 
f IjIm .[Jill oji Lak 4i) pjiiil Jll> 



r^Mr 



^WV 



I Wv- 

I 



■VA — ' 




lS-3 f Jis 
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(^UIjLiJIjlljj)^^^ 1 



, it, .$# u* ( V ) j ^ s jiui ftj^ Uis* { I >»fl pitfi J^ jui jW ^j 1 <* r»j aui j* 47 ■ 

B ^[ 6> £, L.^ ( I ) o^-JI =U^^ ^t "OjM j^UJl 3 Q fJ Uil _^ ^**J1 j> ^rjt 18-3 r J£^l ^ 48 ■ 

. ULu |j£j U.u£ (v) j \*y** 



A A * 



AW 



fiV 



? 



I — w^ 



-^w 




J^ill J <^l SylJ &lfll UjW *} ( I ) 49 1 
SjSljJl ^ 5 fl ^IL Ji l^ ^LS' jj 18-4 r 

W* S ij jIjL L. ( j ) 




18-4 f Jtt 

4V . 18-6 r J£JJI ^ 2k t A ' & oljWI ^gl 51 ■ 

18-5 f JSs 



3Q 
l W- 



■•<.' 



9V 



AM, 



jl^jI , U£ jia 3 Aj* J« jUUl ji ^>j 1S-G f J^J' j 53 ' 

^l8V L s i U r *o;l5lj1 t 18G f J^^54, 
18-6 r Jii 3fl rJ ^l! j^ AfiJI 3> (y) j /a i II * Ji oijUJl ( i ) 



mi 
i — VA- 

, T 

a a 



i, 



<fiQ 




40 









S'V 
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18-7 ^ JSA 
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( jhwJI jUJl J>\jj ) jito jjHH J*siJI 




18-Bf J& 



3fi 



4fl * v 



. LajiiJl ^L^ CL*i 18-8 » i }JLil\ ^ <«j-iji^ Qf*i*tj* 6ji*i5 .iM-J 66 ■ 
,^lj j^JI (ij-i ij^jiy t ^lj*Jl jl+* Jy* jUj ^ ^ IjjIjJI ojIjE ****J 
ijyj* jL; j^ ")l ) iiji. »j5fjJI ijfi Ljjlf ^1 o^JJ . \y^ B i B jj&uJi 









? 



q£ Ua 2.2 A ijiji j^Ai LI 3.6 V t 18-9 f JiJJl ^ y«iiljlil ijij S3 i 

6 V OjLU JlU jUI jLil j\£ _jJ 18 Jji. U * 18-9 f JiAll y 59 ■ 
:^i(i)5^^^K = aftj«=28V^LSiiJ i lfl-9 f jSiW ji 60 ■ 
18-9 f Jii 












120 V 



»Lill ji_p i^i jjj oAfi 4,0 x 10* fl 4i>ljJl 4ijUu /^js ^j>i-i 61 ■ 
jIjju U ( i ) . #2 = 24 kfi jfel . 18-10 r J&Jl ^ L5i?i = 12 kfl 
3J>MSif LtitUl j* L (w) f !>>»*» S Jttil ufi> l>ti£ Hi j*£ j+*II Jji 
^ Lius i?i yi j+»JI jji _^ L« {_>) f liiij S r&Jl jj& UaIs s^jll 

18-10 ^ J& 

18-11 f*ii)l 

, jJJl Lli>d U3m[jj JJ-iJul IsUall ( J ) i 3*J^1I 

^i Ju Jjju LfJTj 600 W fL*l Ufa i 60 W ^j 1200 W >* i^. ^ 120 V L^JAi l*|» Sjto 6-3 

f j^-all ^>oJ ^ ^rfi U . 40 W Lfijji IJLfll *L* JLs-i-l Jfe .{ jptf ) ^' 3j^*« ■ s*jH ^ 
Oji JK^ jWj ^ 40 W Lfii JS SjJ 3*UI ^U w>j 540 W Lp^J yUj 1500 W 4iji Ji** ** J> 64 
1 -u J jIp ( jjtfjl ) j+^Jl >jd u ! ^w iV ^j*U. 120V jSji tfJSj i*ll jJi ^ 43t J*U tfJSj 25 W 
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( jflA\ jUjJI _y'jj ) ji* |>*LJI Jjif' 



* 15 A jjil! ojLw ^jJI j+all jji^ £,j jjj JjL ^ LpLiiJ g&j ^iJl 75 W \^\ &\i oiUsJl jjp L 65 
ji oj^l Ijl ( I ) , 240 V ojIjJL j^ j_k ^ Ujlt SjjJjl ft 2000 W ^U+w ^S r .** ^L,^ jL^ 66 ■ 
jjJI JjajII jljii Lj (y) ? 120 V o^* jUw ^JLspj Ijl jLj ,> ^j*hJ Li jIjai yt Uj 4^U J£u jL+^JI Ljli. 

1500 W LfJji elj-i* o^j! p , 30 A ^ Ja>i Ijb ^B Jli jjWfj 120V SjljiU ^ J*u LJ^ Sj& 67 < 

J-**i ijl jjJ L^JLiuOmI j&t iLjjuU ijjj j-eil j* Li . ^sjjll y-U ^ -.Lwuj 2000 W LjJjjj tpSjj^ LLij 

18-12 jmSII 

jjj ^rjL? cjaa) jLuJ ajJjLUl <Ja$ i>j Jjff^ i _ii_jiJl Lij^- yb 3jum LjLL -y 3.2 A ajljlj jLu ^l^ L*jj£ 66 

? LjLkfLI AjJ>IjJI LjGIl ^ L . 1,28 V J| 1.57 V 
* 0-lil uli-iji Lfiyfoj l,t)7 V L^as ^jLL ,> u>- jS*j jL; ^ji p L 69 
^jwu jLufl ijls 4.5 Si ajUjj SjjUajJl ^ J^jj ju£j , IjjLLu Jjjj L.L? 0.2 A ijfjiu IjLu ■_■- ■■ 7 Q m1*4 70 ■ 

. ^jIImU <jl>Ul iyliil {^) j («mf) Styffil UiUI lj*JI ( j } a^jl , KjfcN ^j 0.3 A 
<JLi ^L^II i»Li| jjj 1,6 V Li Jb" ijij Jlyfl ^ U«ii AA f**JI ^ oLjLL l^L J^ ^ -L^ 71 ■ 

? i^ J£J UiljJl LjLiil ^ U , 3.3 V Ji c^LM JijUl i**Ji k^j 0,5 A 5j IjL IjLj ^^ 
, 50 il ijlu yi LfLjy jit 11,76 yj^j 24 il ijLL; iLiu jj£ Li* 11,52 V ja luu LjLLJ J^LII j^sJl 72 i 

. IiiiljJl LjiyBi* IJ5j 4jjLkU (emf) jt>j[ 
( v ) ( Ljjiy tiiljJI Ljlill j* L, ( i ) . 9 V 4^1L jrf J*aij Uj^ 150 mA »,bL IjLp 5SI3 r yi« v>^ 7a 

? iijltll U_L>jj; jit ^jlLH JjJjJI j+>JI ^^ulu ji 

Ujli* ^ L , 12 V J] 8 V (> fjliji dJ i jj* jl^j^JI ,y *i!jj LjiP 2 A jljk? L .jlL J-*Lb- jll! j!J I Aj 74 ■ 
aio r (j>JwL, LJ* J^saII dl£*f ^jLLU AiL^ll pJli jji- Li f i ) , 8 fl j 5 fl ; 3 Q ^ oUjLi* "01 iLJ 75 ■ 

1' iiis- J5" ^J U* oUltill J-AU JLjfj adJJl 0J* ^ Li (y) ? oLjttil 

JLJl j-i *J . 4 £i jA l ljjjuJ! ^Le d^it c In Ut uail^l tjJaJj *ijk L ^iu dLJ l-bil* iijUll o^!i' 76 ■■ 

. did* Ujlii OJu^JL^Jl -U^iJl JJt-^l , 0.4 Jo JjIjaj; Llllu tj^ m**a\ u l JI J^ l\+>\ ^j ^i>J 

. iiJl jL>*j jjfc o*; of^ ^ ilU jjiJil 3JjSj jKJI |UkdJl &f. VS : p*L 
Jlyll ^Lc Jjyj j^lj^- #jIa* Oi* ^ jji^wj 40 il 4jwjIa« ^jiJj 3jlj>jl L»jJ JL* JaL^j "j ijiiU aL? jljj 77 * 

? 20 C C jus pjU* J^ Lfjb ^ ^i ^M jSJI ^jLill f-i j* U . c*^^ 1 y* r^ £ 
JLaJI yLfj i 3.6 A tjLJL IjL; kj*-j LjlL^ blijt Jjj r = 3.S x 10 '■■ mm tjti uLw jJj ^jum JUL 76 ■■ 

. JLN Sili l,ijtu ^-jl . 84 V/m |« JLJI J^ ^UJI |jt ^fl| 



■ TOf J ■ 



( jrfi-Jl jLufl jSljJ ) jitf ^0)1 J-*sJJl 







18-11 1 Jii 



9 V 










■■ 



18-12 pj&i 



Ufe G.76V u^j &)fc S t lili <jtf U** 5.8V ^LS ^ U ^Ifajj ^jUl AtfJI jl* 18-13 f J&ll ji S2 ■■ 



V* 



.ms 



r<--->-AV^-| 



14 U 
-W 1 



— Va |h 



18-13 f^ 
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ils^y VjL>J ^Ij^lll L*joll j-s Jlifal ;>AJj Iju>*1 

yUsiftl jij i ^>iwJl L^iu w ^jUuj Jillidl LjUaS^II 

J^«j i—jj^l t^i ^t Liu I LJij*j jiLJuu i^jUlil 

. ^j^J ^Uill JL-JI 

jLjoU t^.J—3 oJ^5' JjljJl gl I 1**11*11 ^bjM jjJ Pujj j*Wj *jJ ^ jja>J' *Jlji L^ lijfi Wifj 



^liiilJbJIktxi 19-1 

lijjL <j_>JJI djJj! jJLj! J± j)J> iJ* i« ij-*^^ 1 liUiLrfW »&A( *ZlL> jaJ 

jlj* £-t ±>i 5 ajjjJI J u^l Jjwj . ^tti&tj j^> Jiii* W* jltlj ^ 
JijiJI Jj^j ^JJI jljil tiJj . *jIj JiiibJUJJI J* 5jjiUl <**'.* L§— I *LB 

-711- 






( j*Ul jlfill jlljj ) J* u^LJl J^A]| 













JL*ifl jJsLIj jL>J| jl^jAj J Lf> ^iju-LT LuUj ^jjS ^ a *** , JJ ; ^i* ikJi; 

CjLJ l JLjJI U^ ji L-JsUill ils^l j^"j i^jJb i^xi l*£j t ^i>*Ji 
jibi jjj pij5U j-jjJsL*JI JL;Jl u jdjt uiLaj iw ^.^j ^LaII j^j. 
t-i-Ull jUi , ^atLuUl uUj&I ^UUI j^o- > «Ui4l ^LLlUI ^ J, Jk 

jpji U t j^ai\ jLiii uJJi ^ jji^ji jwji ^i ^ i^jBj^ jjii 

^LJaiJI ujjL*ii L^jlu jiuuJI U^jyy ju jljJljty ( jj^^JI ijjjJaiJi jl jj'jjjl 

IttJ ^k , LjUi ^Uajl j! li^lMj * oll*i * jle jjIaJI *JjL»* J! ;UJi lii 
Dj^^-v t^Lfl t itJLjU; JJ ^U^l j-^ JJ jj .jJslii, ( yia3 judi; J ll ! jl> I jl 

t^JaJ L4J* JJJj y-J.lj.1* j^-JjUAj ma jj-i£li ^LAll $ ' J-^ 'J** - 

:19-1 JiJ 

d.i. ^jLta.i 11 ■>.*.. U). j^ j** -H- 1 ^ 1 ^ « ^L-LHitl 0-* V^L; ^Ui v iJ i^ iU*Al ii^ij 

i>J» ^ JuW j»i ji, jj]i uiih ^ U.,^1 jj^j ui . ijjJjiJI ^ Jj v 1^3 jj^JI SjIj. ji jj^Utf iiiiiUil 

l+Jj> >jSli LijAill L-.li! i^ft i^ljLuj : OL-Jaiiilf ij ^ilu jl i_JjL»JJi 
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, l> lijk u-jkiU Jkj Lujp ^i.jV] 



( ylA\ jL^jJI jiijj ) jfte frtili Jrfill 



oi ji* -wliLii! Jb>JI gLsil jj*j LSJIJ iJbJl aj* ^ij . ^'jaJJ *Lli a^L* 
jj* — *!i UtfjJl iJLsjJi ji\ in \j$ liu: U*j IJJ Jj J*s U&g , 19-2 

L^iuu it g)'l vjiU jil*i lJ v— '9 i l +*U«l iJa>UiJ L H4£ii.Ail Jj_> 0J.UU( Jw 

r 




® 



if ©® 

© 1 ■ © 

1 f © 
©^© 

:Ift-2yU 

j.^'OJl JL^Jl tU ukj ^ 



(rr 



N 



(^ 



i)/ 






( [ 3 




[*) 



:19-3jii 

(jj vj^W ^p>ll U*sjJl iji ( LJ |J 0— *j f ydiLii*!] JUill v 1 ^' £* y^i 

ijj VJ*"-* ^^M' &)■$ uj-i J**Ljj ■ *-** '-^ J^ u*^^ j^Ji V^' 
L & t A L Lit <lj . V JL^ Ullsll yUsftl jS yjj j^j ^y*}\ mM!I 

o!i 0L4LUA. USUI 19-3 JliJV **^ ^> k ^Uill JLaJI bjk> IfJe 
; ^li LjOj jt JJI wiL.^1 jjj cJj 'Jl»i <ill3v Jliii 

, ^ L j^i JL*Ji ^ iu> Lj£; 



^jiU^LiiiUbJ! 19-2 
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( >ji j\0 jiijj ) jj* &m j*iii 






Pi . u"''.i-' - ' ■'"" , 








^lljij JJ 



£Al 



M 



vJsftJI ftLj JjJtll ^1* iJjLil JiJ . jij-ill] liLi IjJ^m Jjp^i) iW ^1 iJij^ j 

wiSlI ti jJui ^fjlifJl JlaJJI lJjUI b* vu/Jl j— Lliill J** 11 J] jif& lift 
ii^JJ JLill J^ LLjaL ,^£-*U LW [Ili , ^jS'l JbwJ ^jtUAII JUtfl 



ui.jLJJl yi j*jj ^a dLi iUjauyi 
JL-t-Jl vjS>h y-iJ di Hf Ifili 

u^'L^ji uii JLL_1j j_1 i ^;- -■-'-' l 

j- ...Ms. LjL-ld^I iiid j '^-.jj ilij ^ 




t-Ja*!! A) '&£> ^"*j >il/i iJIAi ji* t>"J^ f^Uill yll^i fty j>£i) 
k> jljdJ jJr ^ji^II JLiAJI JjJl yj** 160(1 km J*J J* Itfll* JWI 
dL« ^sJl iJLsjJf yti JkiJl Ij* j^ j>? Jjk Ja> ji* ciiS IJli . iji 100* JjLli 
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(jCi^ljl^ljiljJ^^H 1 




Uj« fti« jJ> VjJ iJI JljjJI ji ^ Jl^l >^ W ^ ^ -^ 
LiyB Ljfti ^ >j*>U ^1*11 JM ^ 19- 4 jSiiL ^ r ^ tfj 

sij ^j . yfll iuJI Ju » UjIji* ^jljj jp Jj~ jUifl SjSJI aw ^ 



. jl^ ji*a aiu jjk 



t 



JL* jjjs ^ jjLJ 4U jJ jUl ^ jUiJl J J« Hi J^j . J^ 
L^l yijHi J jJ* ^ ^ Jjl ^ A.J ^ ^ J J ■ j"^ 

. L_^U c&*« JwOU J^w krt^ 1 ^b^l ui tfj*Al ^j 1 ^ 1 $ * 

■19—5 Ji** 

d>\i ]-* J^ f p£U &*< ^ uSiJI ^liiil JM %J ir-jJ ^ 
S^fl $ iiUI jl^ ILjji wj3 Utfej . 19 C JiUi ^ £mU "M ^ j^ 
<_**]% , JLJI « 3Sjli L>fc iyU j-LLl £. Itfku L+Jjb ^ *#*S J 1 - 3 - 
JjuJ jls $U i* ^ JUl Jp jIIjj J^ j* ^ ^^1 Jb^l di ^ 

LftU \^ 19 G JJ^JI pjjy ; J_JI y, v/Jb 0^ ^ fk' ^ Jb ^' 
^^^ f ^j ^ JJJ J*> jJL; Uj rj ]l lii ^j ) ,, ^S»Wi JM ^^1 

ftt ^ ( X 3 >Jl J^ L^ ^j^l J*i ^- H' 6l ^ Jjf ( * '' >j] ' ^ 

^jji ^j <j»y ^-Ji Ujii ^ jij^ ji>^j ^j^ 1 j* ^« ^ ft- 11 

iL^j ^ ^\ Jju, J-H jJ* Guli o^ lib . U JL J^ ^liAll 
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( jmJI jUiJi jJIjj ) £* &W j*ill 




:19--7 JM 







fkj jj J^ii I.,.,jU-j. ^^ ^ | ■;< ,j 
. iijii ^J| Jifli yj .itn.,.1 , iLwl 



jjl^jS ^L* ibiUJlj ij^JI frlj^l J*« jiu , o , JLilo ojUju CjjjjIj>JI 




II* ^jjy . 3^|^J] si^ui y ,LiiJl t bjj *^ jlL j*U J^ ^ jj 
^U*II o^JUJl JJiSj , ^Jl L^Uii L^ -^ ^Ji ( dJi > JiTjl 

( ^l jj^iLji ^J ^ 1000 Jf U ^ tJiBS J^J ^ ) iibUJ jjj 

±ij . J&Jlj jjjaJI lm 6^IIj (>j!)U j^-aUl vJKJi jj, i*J| ^liUl 

. &*Jl dfj ^ dyfri jisl i^Ui i^i <kj^ UjJ 
V^l « 4^_^ , iJ^j ^e oijJ U^ 1957 pU U^l ^ kit cJj -si Ljij «Li»JI A^ ^ju L Jj 

^Jl jLi j^jj^l ^ 1^1 (H j-£t3l J ^tlilf l^?M OiS J jij U llji if ^ j^jjJI m Jiff Jj J^ , >LaW 

J| iiu Jy ^i m Lyj cjiD.1 jSI l^)| jl^lj ^ J ^ u^yiij , 1970 r b UjiJI ^LIjJL t*»$\ L^a 
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{ jtj-A\ jUjJI jjIjj ) ji* jjUJI J*wJ' 



L^i &! L^i tjy&j i ^tiill J}Ul ^i3 j 1 *^ ^ (T* IfJ v* 1 ^ 1 $ d$» <®»j :, * >^M * 
i I. ,1!-.:. 3ili| J>j LjuU jUaj J y^JJ ! * J*^ jI'Lu - ^*J | u*- L^J ilpJI ^1>i ^JJS^J^ 1 MfriHj 
ilO^j i±*u Jli i Li'p' (> L#J ijyjj til jfi uij^ ^j-obliill JUill LljJ <> LfjiiJ ^| jjljiJl pLel J>lj 

^ 99 puJ o>. u- yjy ( Ujlb ^4-i I. j*j ) yfj&U j-^W JM j> Jj^ 1 ; M 1 ^ 1 JWj ****** 

, ,#U* jijS J*w 111 J* U j^jip*LLl )\ tpfil j-ljJjUII 
oLL*Jlj ^jTll j^ jJ JjuJI J±J^ oli cfljijull LS\ji j4y Jj . *^ j /l^W ^J^ 1 5 -**** )l ^j'j^'j 



. 4LUJI VhpUjJI jUiS'l ^1* LSUifl *1J( ^ybu 

p 

U/l j iApt jJj . *U^i j-rf j*i ^ ^ j ill pi*Jl ^j J l > j j jiS ^ ^^ ^^ ^^ j^ J**!) 
Luli 1 ^L^iJI y Lliljff ^ ^Wlj *^< *^*i **} ■ ^ J! Umii <;<*% j j^J >JJ ^Z 111 MjJ 

L*ai Ufj iJi j* fLjj^l j*u U ,^i c^ jJ Ij+Jj . )'^ \t ^y^> j> <>j^ 5*i ^^ JI ^ lj J >^ ^J 
, ^,/H Luf^ jji i* UU>ji jail 5JJLU1 J^. ^ jfcu Cl(j J]iL, ^Lj*II ^ JW &y fr 



J4\ jJI 5a*li i ^jli ^U« Jl^* ^ ^ jb3 J* ijSjtl 5^1 1 W 



uu»ji ^ij*j 4jj^< j-^^ 1 J wj vt^yi r*^ui j^- si ^ ^^ ^J 

^iiij JM 'J*jlJ^ u-ltfj Jy^ "4-J 6* «±***i ljI iJ^ ^ l &&i J 1 } 
JL>^ L^ likL ^ jj>-j Ijj jUU JjL*JI siLJI jjl 6-* Ja-^>l U ^ J* 11 

Jj ^-j ij*J ^jli ^U JLf« L^ Ul^ JlU j^ J-UJl iil-JI >^i 



, u; iiui J jlH jLdi »j^ ijJJi JM j*jWi Ji>Ji li» J4j1) , jtrfjS JiWI Ji-li 
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( jiLH jUJi jj^jj ) ^ ^ j^fi 



( i ) 19-8 JiJJI ^ ^1 J3jll ^j2i L*j iyLfcJl 8 JA jk JUj5j 



M — ISJ-" p*»J ( i ) . IjU l»4 jbiU 

.urtfiyijj^iWyirjiiBial 




F 

(1) 




M 








sf* — 

pi 


i£$ 


^ 


\B 




.' ii 

*3 


K 



jjjJI tUJl $j jUJl fLf3\ ^ sy , ; L^1 »L^j ^liill JUmJI ^ J5 

jjJi ^^w^ JJi 4Ja>bU UuSjjj 4>jLJI t> L^jl* &<&j liulu jilil jJ u^juj 

kij JUI i£ J ib-^j , ( V ) 19-8 JSjJI ^ US i ^j* ^ Jijli Lmj fjl 

UbJI sLb ^Jj i tSji-Jl ijj jic Liilj oAtUis ^ JJI U>J ^i^ ^Ji 

ji Jj-b*IJ1 j* Aijw i^IJI ij* }L»J| JjUgLj . O-JUI J>Ij Jj apl\ 4*^5 CiIjJL 

, lJ ~JsiUa1i JL*J| jbw ut^Jj ojjUI dJl» jLL Jb _j£j1j ^1 'J . Jlill maJI 

■ilUI Jjij jLJl o-* J^ ^ V^liS JJ| jle yji! Sjill 6 | ^ jis , 19-3 
JUJl ^Jk LftJl jJB >jJI jtJiWLJ J^j . ^-iklUli JLjj! Jib jj^ll 




a 



I! 



L-*rtii ^ >bJ JEJ jjL Li*. 
B U>i ^ ghtfi dU yip gj^l 



R- ^ 



(I^D) 



jj (T) 5L-3 ^^j j^i jL. J_i! S^j ^ B oij>j <ji Jt LljUli si* Jjjj 

! (SI) oIji>^ JjjJI r lLII 

■ 

lT=lN/m.A 

^m JUJl ^Ls ijjlill Jjj ^ . 1 C = KT 1 T ^ i** CO ^ 

. O.ITJiJ-u 
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{ ,*ji jUJi jiijj } ji* ^ui j*w 



m jl ) jUl »M m taL^ lf>-fi jiiJl ^ { B |3 » ) J.M LjLi.j 

1 DWi jl* ^ . ( 1 ) 19 -9 JJJI jj U iU £j tfjlp JL**II Jj^k> 
JL?j kiJ ( jUujj Jjl^il _j! ) JjljJl jLjiJI |}i jf . 3jJ L^ iJLJI yijuJi 

, ill jjjb i£*tf Jjiill »bkJlj JLaJl i>UI jj-iill ii>Ti\ 

yj^i jj]l SjiU jLjJI ujjUJI (j^ i ^ B j I ijn jjj^iijl ibjljjl cul5' !jj 

^ dJUi Jt JL>J Uj 
F = i?JL sin & 
: 35UU BML tflWI oja ^ M 19-9 J^l H* ^J 
F*.J5JL (1H) 

19-1 j>*ey JlSf 

ijill i^L I = 20 A ji = 53% £ = 2,0G jt'^l s ( v ) 19-8 Jiill J 

. 30 em Jj]> iL. Js ijijil l^tmii 

Bi. = E sin ^i Jyu : JLkjy JYiul 
= B (0.795) 
: cjlj , # = 2,0 G = 2.0 x 10 4 T L«jJ ^, 4 SI cJj^ Jj B Jy*Jy 
F = BJL = (2.0 X 10" 4 TJ (.0.799) (20 A) (0.30 ffl) = 
= 9.G8xl0~ d N 

, JUJI L^ki. « lilbu. dlUI &iS I JJ F 4^ JL»-jf . ^j* 

12.0xKPN:U?y 



jkjll jJI i^ til j1j3#I 1&-& 
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( juA\ jLufl jjIjj ) j&t j-tlJl JjuII 




JuJX; ^Jt ijuwu ( 19-4 p*if ) ^jiaJl jjl 5.^1*] Ik^ l^i IjIjlI 0\ .jii-rj 
IJj i ly}\ oL*Jl jSiO <^jjj sj^Lj jj] Lpl , uiUI LfJ jiyuj jll' Ml tl^3l 

. dlj W, **i^ ^iJl lUflf ^i ^& JJ'I J* jijj jlll tjill Ui i jUl aUJl 
Ifl lftlLi ^ tir— " I-** u'- 5 - 1 ^ >ill-Jl -!»*) "R j-utliill JbfJl iaJjJai yl . tk&l tJJt 

cH ef-^ 1 J^ : tfWH *» i*»i JJI Ljr k IjSUlldl a#j . f 19-10 i 19-9 fr&l! J 4*1^1 &J** a* ) 

Lj jjJL> 2-2 j[ . fjiU npuiJI plftfll ^ J^hii Uill J 50 Lpj-u Lsjj dJ 

^ 1.9-10 J-iAll ji SjJ 1 iLfcJlj , 19-10 J&Jl ^i 3j,wdl DJilSJl JjJO,! 
^ 5_j_i)l sLsjJi ^1 JljjJ Jj^j oa*lill i^-iJ jilj^u-^j 0*aII i> ^-jl> i ^j*i 

. b-JLJI J>b J| 19-9 j 19-8 fclSJJI 







® ® 



F-*— 



I 

J 



' 



F ■ * (wlij?) 



: 10-11 JU 




19-2 l| *^j3 Jlij 
jJ* Jji Q >jJlj o^JI JWj Jl M ji <^U ^ JiJ ® ^jJl oji J^ 



■720- 



( ii^M\ ) jt* *wlUi j*fl*JI 






ai^^ll^^S^jll^utLJaijjiJI 19-6 



J.....S' , Joj jjjl Jli_ J(i , I^*v £jLL>u Jiy-J 'L>vji y». ilJiijF US . j'jjJl 
iJjjuj &Ua4 jk i^-jl^ j-^Ui* Jb>* jji yt U : ji* -dsfcJi si* ui* r^ 
JU jjJl j^ iJ _SJj dL Jib ■tfj*!'- 3-ijij liWiJI )ia <^j f] Ijj t i^ 
^ 5ji}il MIL jklt Ljj J**Jb aJ] ULjjJ b *Ijj^L-Lj ijw ji U* JtjjJl li* 

, L. dL Jib jjiL «L»J JJQ 
^^C juJiL JjJJI ^ 5j?ji! U£!l bjoJI **1L UuLJ dJj J*i; ^j 
^j L£ i A jj dUJ ^j^oJI «iil UU oitf Uli . Jjkll lj» ^ iisJSji 
^J U*»t JJ^n u &* jlS ULj .LA^^l JjUl |^> ili 19-12 J&Jl 

fl 7 BJL L JJI > I JUl Mil 

. - — '— = = pj>lj -U*J Ji tyW null 

7 Jib* , 4Jt£ jlfl WjiUl ob>^Jl SJIIi jljS]l <> j,^ l»bw Uj Tl Li&Jj 

. ; a* k^jlj i^LS IJLi i AJ BjliJ* dMJ jJ jbiJl sbjJl ji iV* iiLu dpi ii>iJI 
i lift j-Ltj . uAf j» At t^ib 00 yj V0*i ^i <iUS jij t i> i* J5L1SI ii r 
j^j jUil JI vM 6jIjL Jy» ^ 'U*ill oltiU J5 ij5J t M UjlJi* W, ij*i jii 
H* f*> j Ap-j . P ^ rfj&A ^KUl J»i %>A IW3 JisJI ^if ttil 

J*hj Jili J£j , nWbAt y At »jli* o*j j* ^ j« ^ * i * i]l ^^^ JJii 







flttljAlf B 



if 



A/ 



J 



. oji>Ij U>»i Jbi OjJjIl ijSJb ^1*11 j#m!I ^3 iia / itg ^ lix^l fill Uiiy 






: Jj b rlluLu lis ^j 

.^JslLu JLij Ji i-:J_J** UjljL 4£j-^ iijMH (J L*jlji< ii*J ,>j*E 






f = fli)Bi 



(19 -S) 



ijy jft LljJl Uuua , Mil sJA abjJl i>Ju»j) jj^ll jdl i^ *IjA««I ,*d^j 
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( i^wofcliAil ) ji* uliJl JjiJI 



isJ-J'jjjU-JiB 



" «'$ — ► v 

i « i i i 

r 



iIS-13 Jii 



FjLjJI 



IjI * Ijl* .jiej . L5j>lil -ift-^ll olljviJ! i*j- dI+jI <jL J^ jLgJI aL*ol ji 
cjL-0 i v iij_JI »L»j1 ^ j^i plf-^Hy B tL?JI J JwJl jji wlrfL Ijjil 
Jj iytjl djS^i^ LbviJI __b ojjjll ajiJl dL^jI J *iji-i ( J£I1 ) jJI **lj 

v Lt^ Jj_»jj 5 LajUj ii*i j^ d»i> iJSjil tin jis Jti*5 1&-13 J£J< 
v iB gL*Lliii[ ^ij >*Hj . j_>dLaJi /|^ L> l'l* oi R .lU r,;, j^ J-jj 

^a Jp SJiJ ^^^ p ip ^[$ t ljl 19-13 Jiill J U*J! oil£ y d ^ , IJL 

, lUj-Jl *_» DOtUui Uib gjij Jj*JI gl iijoo jUb Uj5 4*^t ili>^4 JU* 

w i> ji*J {J} ii>viiJI jl# "SU** JjyJ j) s^i\ jl j^ U <5yJ1 aLjJI jj ^£j* 

, CvvJj l «5>> frbjJl tW gl JJt 5j5il J^> Jl ^>j'jJ I MjiLrit , , IjiS v> is'Jp jj 
i l.y-1'1 JiiJl LfAjtU LS jm^JDUM Jl>J jj jj. vJ i* ftH 1 ^ o>^ .UW g )l HAA^i 

*LfOl jj) jj"j: -" L Ji'* ) BbUI jjjIIj Ln .! iti jlu l 'J it »Jl gl iJilJ Jj ■+■ jU 
yjjj jjAII ^(j 4 gl tfi ) Jaii* |J ^Uuiil Jbv*Jl gl g7l U^jSJI jli , { ii_^Jl 

. p^aJI jUo^JI jU 19 14 Ji^JI ji fc(L\ ijifl 1U0I jl ^ 
U I5 j!o. ! L» dy J jjj , L^jli* L^LwJ i*Jy Jj |> sjjju; ol^ J i>+jbv >uJ 
4JL> (1) ; Laftj lSy*i\ dL^JI ju jl jjLtU uiLii»j illi iii jjjU lx»C u^JI L^j 

oIjIjlj ^ iij*Jl ill* f2) j ^=juu* jam. tijfe ^ tik, ^aj 3j)|j J -jvjLu JjS 

t _ " ' • „ . 

jjlb jL* i J]j*L w>Jl J**J gj^IUJl ^U g* Ji i iiyflj , Uili; li^lj 
; 19-14 Jii ' 

, ^iL ^ki* ^ Jib l^iij ^ j^i ^LJi j^ | ^|jj| y^j| ^y j^ ^ r ^ ( 7 _ 9 jj jW i } vl j r 

; jjj U o^ gl (jili)' lP>^ ujJli ^J j^Ay . 9 ^*-Ul 




ijnB: 



mi? 



m du> 



jj Jj>Jijj m UuJiS jJtl g ij*^il jjju Ij* ^j . j^-lll imJ^ 4JUS' ^a 
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( 'LuJ j L ' uJI } jiif ,-wtJI JdiJI 



Jl u Ljj. ukli JSU Jiiii L^t J jlij 

ibJ jjIL, iiiu J* , jijla ^^.JaUfc- 




r»- 



«5 



(19-0) 



jjju dlJjj u .i«.w SjaII »L^I c,Li iJL 19-14 Jii]! ^i i^Jjf aiti QLi 

^i-^jliUiii j+i][j L^iJi 3jjJ< (>jj i j/jj til jU i III* ^ jji Jli* 

; Jj Li jjiJI lib uLuf ,'jiijj i oL**jJI jit iy'f< 

i ( LO oLxiD U^Jb K obyl y<& J jl ) E al*jl ji <?£ 4jj^ sjaII uj£ 

E i-j^l o^UjJI £fLi llf-Jj. , B m a^Ul* 0^ f /" S W»li*ll syJI Li 

. B ^Lill JL*JI JJJ ^ jib 'J Li^ oL^iil Ji JjLi Ji; ^ i^jij 



ol*aJI Jfc ijjjll ^Lilt jjill Jfi a\h& 19-8 

LLS.JI oLLifl ijj ^LoOj . B <ii^L>M.ji £ oILgt* jj^j ^j 1+SjLi It*^L 
3jlc *UJj jjJ jl 8 5j>Ij Vj^l ^*^ C>s V^ r^j" ^jL>u1 jjLJi pi <i\tii 

^^Li. JL*j ^j S^l i Ljlyll kp*ill ^IjlVl fr I43} 19-15 J&JI ^ 
jjjH$j!l! ^>jUl iLs ^Li yj oljj Sit lijk ji Li; , **uJl Jib J| ^ 

1 

, uJUl ^1)1 J| y*jll ^jlll 0* **3y U#i- LJ lifcu lij^S ft* 6^ 
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{ 4^1*11 ) jS» ^IjJi J-mJI 






ivi„,H J *.'■,,>! I 









:1*J— IS JiJi 

ijii ji*i i^V ji j*i ji a*j *%^ 

ij — ill j qE i-aj^ s^Jfl Lf jL_«i 



vji^i 


- 










1 1 <?vB 


V 







--u -- 


V H H 



5*^ 



•<§ 



IL^j fij^Ji Itjiti 
oLw| ^JsumJ Jki jw*Jj . 19-15 J£JJl J j^ j* U5 l 0^*"^ Vjj+ v ^r^ 

. ^ji^l > j^l ^jjiJI 

jL'jiJ'' CfjLu IJJ luii l Jljj-sul jjJL^ isLvJ 1 lilut khL> i_t>A'l j*U*j 



(jf£ = <jfL'i3 



»* 



JIJiuJlTl 




: 19-16 JL£ 

^ to 0^ O^J - ^ J ^ L| Jty* 

* ^ VJ^i d^l J^ ^J*^ ^ OJJ* 



aliui LjL dj^j jiJI oUj*jc»J( U i jLfijJJ iij5_JI _jj>Jl ?m a»IjJ»* JLt 
lil . L) -jjy jL$_*JI IJ* jji Ij&j . jjjll |> *Vi^ Ljili ir^Jl ai* jJ ji^l 

■li'ji fei fei i£ ^Jj jljjt* jJtlj Lfii *jjjJ oLuo^ 1 jAJJJ jl . O J l! H^ Luv-j? 

, (m/t) ^U JiJ j3U JmIV j* £/B *^ ^^J' SI ^ |J >J 

ijj* jjtjSI JI 4^ UUjPj ( t^AJI ) ^ji-j^U' l^JI J^ lUJI j! liJib JiJ 
. <ili^l ^.liJI oljju L>UJI j* «j Mil ^LLi ji^T dl ji* . Jjil jjWI 
It f J il| d ; -...U l'.ill jjjjjs jlJ .lisLJ j 4Jj£Jl i_JL1m amiIj J_j*j jlf> Jilkj 
|.Lijl LiiLi jl Lu-, j| Jj3 Oj Jt JJS3I ^Liii ( ^LJjjI ji ) *3j»J* oly 
ji-M lSj_j dL_j> jLf>Jl lifJ LaIJs^j iLj 19-16 Ji-Hi o*y ■ ^y^ "^^ 
-724- 



( UtLwll ! jit jJSJ! J-aJl 



Ljj^II ^1 ^i , V *jJU if_* ill— 'Ijj Sa iJuiJ* J>±i j>J cjljjjl! JJ*aS (J 
: ^ii 17-3 XJjIbII j» Jud *Sj> iillj !+J» l/ -^^l l JL**^ J*^" 



oo 



2 



(IN) 



. ( iliuiJI Ijjp-j ^LijJ ifl ) j^lifl ajjil* olji tjukjwi jf] iij*j Lt 

*jJuj iUj/tfl $U i ijiii uu*u ji i^tf^j . r <= mu/fS : 19-3 &Wfy 
1B-4 iljLil J*jj . Si Uttll $• 2r SiLu J* ^ llUi ^i'j^jj r^ J 1 ^ 
jjj>j ILL* j-b Jj-fl*JI *Ll^ i 1&-3 SJjUi J ^ jAyil p w Mil 



2nJ3 



m 



m- 



fl V 



q sV 



2V 



(19-5) 



^LS ! SJbL^JI Jljki LjUJI il^Sl oli ia»l*loiJ-»1l Chj . olijA tttf u^O 



IMJtti 
£i j^J jjbJI ^jfii ^Ij3 J^i 19-16 Ji^l ji £*>jll <J^J' J^ ji 

^* 2.0BS cm UjIjLi uL. j^ ij#l> ^>j a$$ J\ Ji*jJ J*j . 1 -^° T 
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■ 



{^Liillj^^UJIj^iJl 



J^i^St^ iiUlj , 8 M.imt } V* 1.000 kV 4LjJ a! : 4jL*V! 
UM J«j U*4l S^j oU^j , r = im m . ^ Sj f ^ V. 

,§•*- 1.602 xlO" la C Lajljfc 
^j (#J tylll JjSJI S^j 3J^ 2 plj j*W ^ ^ L;^JJ jtfi : Lb-Vl 

lu = L6(JCGxl0- 57 kg 

. l#4y*J J)j j» ii*U_, oUlj* y^lb ifctfi 19-5 IJjUi ,11^,^ 



2(1.000 x!0 3 V) 



3.320x10^ kg 



.19,^2440u jA »Nc^j2 r i J j^| OfflJ 

jp pJ ^ t r - 1.095 cm $ ^Ne j^fi i^JU ; Us^ . ( ^l^yJl 
u*Ua# ijjj . Um cm jj 2(t,6ftS - 1.044) cm ^ ^Vl ^ j*LUI 

. ty#*« 1J4S cj^U ^LiL mm3 du*j !*Li£J ^ M 

* J — ■ , . 

j-^j jtMall l^%3 ^Uj (^ yU 41^ J^wi uju jjmn ^ j^ 

i^i r J i ■ ^'j 1 -" j-* r^*^ i ^ L ^ *^ f iJiiu^L ^jj , ,- i. : . t h 

*tf° 1930 r '* ^ , LJ^ W u ^ ^ij . [ . | ^ j, ^, u, ^ 
4-JH ■ uw^^ M ^.U ^^Jl ^^ ^ ^ ^ l ^*M V-Ul j-riWI 19-17 JiJJI ^ 

- m - 







JJLPJ 






, jj^j ^^ JjLill ( JjJl ) L-i-UJI Jj J*Jj3 i ArJ^- ,> ( FiLu]! ) J**JJ 

JJ jy^oJI Jj»vm ^ J5 ^j olj*j ^ J+iil li* jj%; . j£\ i/lj ,ji ^{j 

. JJU>m JJ> j>j lii**4 ioJ-Lc 4JUa olj L»j* 

p** o_^-j isUl Jhj^I jl *4*> tP j^ 1 ^ j* W ,*** <>% 

, Jx Uj M— *J' itj-J j-i* "3 l ■■■; ^ Jj_jlJI !jLu J 0J>lj J yj jjjjj Ji>.^J 



T = 



, _ 2k r _ 2k mv _ 2ffm 




1/rjj.jiiifjjjSin*! 



/= 



J 1 2;rm 



1932 P lc ^ 



<JtJ jljjil II* JUai ^Lwj jJjjj ^Mi\ J* jiUl AfsJi luLi t^£i ^j IJli 
J_ji ijji' i(j_. jujjjl Ja*jtf ij,j I j&j , ojLj jJri i_Lw jji JJ+ jl O^jjJI 

Jja^i 19-9 



. U&M o^U ijLii J| ^ j^SJ jSlI Im^I jiljtll ^ J# Ji* JL* 
j-'-'V;j - U sL»jI -i j-ijjj 5_ *^^i oLIuh^J v^JULj yjlj?*l fJ»« j^j iA^j 
La i^LaL-, j^l Ajj^I Ul . j Lai I sLvrtl ^ jJjCm 3JL ljU*aJ IL-JL ^jjJ! 
. LJLJIj Ll»uI 41^1 ^i^iL; ^ jjjlJI L^js pii <JLjJS vj^v 6* m^Ij j^ 
jjjk L,jlL ^L^jj LiM> ( t ) 19-1B JJuiJl ji W^ S^IjJI o^ 1 j^— } 
jJi# n j m yUJjLjiH jt^JJi *£j , }1» (> Luj f ^"J j^jj J-*** ^^ ^ir 1 
Ljj^c L5 __ii I lii* JLjj j^Ju li^ i j^»- Jji Upjj wi*^ II JJJJj j**J1 ^ 

jj oH*Jjl tiJ JJ*j JjJj . ^s-j* JtyAll J^J- *AJJill olo^All jl L>i^ 

. ^»jj U^iJi o^ilj ^ Uji£ Vf^ (X# m ^^1 j^ Jj* r ' jj^J ■ n J 
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( L.uWiill ) ji* wtUl^ili 



m 



Jujjjkjj^: 



(') 






X 




Jj JjJ JLj J ^i jlJI S^fi LjJ: j^i j^j . ( ^.j 19-ifl j^iJl ^i U£ 

p 0\ ±L& Ui ^ , jL^Jl jjO Verify Il>^,\ oLl*ij; J* jijj JjJ 
jl tfl . m y^ J*\ Ji i^L sjl ji oU*J* jIb yij*33 IjJj v IJL Qii?vi 

, iixAJI LlL ^L i)Wl jijs ^ m iUJl 
AJj . SjLLI J iball ^%H SjLij {j^d i^b- iLjL ( fi\ t U* U^ ^ 
Lpij ^H j-wj 1*79 fie Jp ^y| jj^l ^^iJI ^bJl jlVl ft* JLitff 
1^ J _ jSVl I j* f Ia>^L . JUJI ^1 t y* MkLy , Jj* j^i jLj 1+4 

(jLti ^ ^w il jT ^i ^^1 (J^l Jj* jii JiJy , yLJI Ulatl oL^I 

J- r Jjjj 2i*AJ| oltiLI Ik^f U^l ^ Jj» j3| f ^^ | ^ 

J^^JJ oL*JlJl LL*U Lj^D jl^y^l ^j-iju *L-jil WjJl si> jj, , L, 
oU*<i!| ^Ijxf LjLj ii*. L, j^uLJ isjjj ji* ^y*j hh£ Jjii i)j , ^Jjjti 
aii ;>. U.P& iJL*. jj n J^liil t_JL|J| ^u LJjj i m y^Jl J* ( - jj + j 

l**J ■ « J « ^« L ! J1 C# J**U jjJ ^ i>j jy^ J 1 ** jjfiu u^ ^^JJi 
,>j pLiJi ijljjJLj *Lyi jjj^Ij , Vli , Jjj( j^j Jjju Lj p ^jaIJI jtpJi 



iff) 

19 1! & 

a Ji jjJ| i|,niij»i l 'l !jU| jjij ^Jl jj 1 , 



V, 



jJk-4jr4 =ffp£ 



Vk = pifcf 



; J| o'j^ L ^4j 






^jjijlft i ^jtji* ^jLj ojj JjUl 19-10 



< ^ JI UU1|L) . ^i^* Jl^t ^i ^ij I)] <^]pU^ B^al ^^ jLHI iuU 

^U- jj-^! U^ yj jLi o^jL^L ^jUj j^ i* d l £jij jSkll ^ 
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(3±-*ttiAll)ja*£»iai>tfl 



<■ 



DJJt <AI 



*#j . ^i\ lu U* ^ &ffl tf}\ Ifa J ^ gji ^| ^j 
■ ( jtf*^ ) j^l ^*j (Jj«j ^£3 iljLJl ^ ^lS( >lttL 3^.1301 &jbJl 

ojJ JLi* gj oJ j3J . b Ujbfa iiU oe^aui ^ j^ . 13-19 J£i»| -jj, 
***, J] ^ 5^1 |U jliiy , >Vl jk ^Lill ^ Ji L^ jij, y jl*j 






(29-8) 



F F '2 



k 



iAfK^W 



h ^ 5j_Sjil i^JI J j,£j 19-20 J_SL£JI ^ ^1 *J| ^ L^uL Glj 

. /1 L»fc JJL .j^ j^l <>l) Li UiJl J^lj Jl , jj| aJ| «g ^ 
19-19 JS*i ' 

M „_! . ^Ij^il oijuali y^ ^ v* ^ S ^ ^ d ^ h j^Jf Op eJliJI dijt, #11 y-i ^ 

j-u ijii i*a iij^ui ka j^ U»i» Uj 3lui ^>J[ ^ dJi oUji ^. _ /, ,ui J* *Utf j J Ufa, 

Jl J^ J ^Li^ UU 7i = ii => 1 ^Ufa ^jLjjJ LtfWl UbJl ^ 

■ * y^yi cvD iL^i ^c pj /^j i j$\ " DhX> y j^ 

U*-ii 3tf op CA) j^lj j^l ^ JS S^ij ^LjJ^j L_jU, 0^ *^ Ltiii 
bfi« UUI ^J^ |jl L^J^t ■> jL Ji] 2 x 10' 7 N Ltjlji, S^>VI ^k yji 

ilj_^JI jjj ) , &k*fl ji" ^ ^,*J| ij^j _ ^^>| 51,^ L^J1jl»j Jyo 

. ( SjijWi ^jjj finjiij j^Jij ijsfli 1^ iyai ^i ^i 

. (1 C = 1 A.s) LuU 1 x jy*} I v ^ Jj,b. jjU j*Ij yljj 

liiJl o>U L&t I pjil i Lui JLijaSII IJus <ia<i U ^ ^1 j^ 

: k J* J^ l^J* ji£ LuLij ^1 t 19-6 SJjUJ! 




£1 Ij—^Uu ^1 ;-J! jLill jlij 



F6 
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{ '^A>^1\ ) ji* .wlSJI >iJ! 



^Jb & jIjUJ SI ilj>j jl 7*isjy Lfuj 

N.m _ JL 
A*.m ~ A 2 

! \liJi Jjijij jl Ju^ jt^4^-l 3^^' s_A*j*jJ I i oIjjuJ! J-i* *l,iiJL, l ij* 

(18-7) 



- (2X1Q ^ -2,10^NW 



(lAXlAXlm) 

^jixHTN/A* 

iji>Ji ^Ji !i* JUm-1 m 19-6 i'jUil t^ajj 
F(2>1) _ /VVi 



2ai 



(19 8) 



ijj-jjly* Lsvj^y.' ^hjjUflJt ju>1 fL>Ji ULdiv lJui y ds^v IJU t o'^l-l Jj 



: 19-2 JO* 

&£L< JkJjj ^bj+i jlf^ 20 V l+jjs OjlL ^uj . 19-21 J_£^iJ1 ^ 
UjIjL i*_jli* j'^jJJj . 2 cm Ujlji* iiLu Upjj J«mjj 80 cm l+f-!ji> i^jly^ 

v ImJ^UaJ DjiUI JuLC h_i Jl J* ! JljaJ 

433 Jl^l i^ tjill $1 J* 19-6 iJjUil UJj^ : 4jUV1 
. Im^uj lsLA\ Ki Lu^fj llLJl J ^ujUl ,'xjLd 1 i-tuft 



J-^L* ."-J Lo J» 



: 19-21 Jii 



■l = fc- 



MOV "7 



t 

_L_ 
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( iu-uMjjill ) jiif .vtiljJl Jjil! 



. o^^ ^y LjiUjj sL*j^i y* J jijUJi ji5 o| iu}Uj i^jj ; ^yi 

? yLii ua ^ <>uJi*]i d Jb : ^j* 

j* ^flJI jj jUl jt^l jjiy lifJj UUj 4*_rfi sjilj ^ li>J[ jji" ■ 4j^I 

, oUOlJl ^Uut .IjAil t±U> ,V .,'oJl j*ij 

I j Lull jliL jjjw j ill L : JIL 
, i? = 4SJ j Y=20V^ t I = VIR : mJ^H 4fj : ifa)\ 

f liyJl l-jLuJ iiiijli ^Wl UjL»1i j Li : JIL 

/ = V/if = 20V/4 = 6A 



fE f2.lO- 7 N/A 2 K5A) 2 (pjOm) =2(}0><1Q . JN 
U.02m 

Iaj> J^ta Lflu uLill J jf . LLiil ^^ cjIjLuJ' l& ^ 



4^ oljl^ p 'i*M\ Iwfrm oV W 19-11 

^l*j jUo Ljj^U! oljL^Jl :,i JLt - (jL*jj jjj j^l j_j^ j% J] J*aJ jJ 
. j- *•'' '-i -*■ Jj ijij ^Ijjjj O'jLjj L*ji /(li ih±»[i JL> L_baJi l j - 'jl*l-»- 
j* tifc&j o^&j LjaL»o (jjJl WjUII cOfL»JI dJj 45j^ ja»J &J $1 LJjtj 
(^iUJl ^^JbLiili JL^Ji jb^l i LfjJl jA jjUI *™ill win jjk-j , oljllll 

. Jj aL r ;'* ■" tlUL j ULi jLu ^ 

19-5 JLiiSl ) J-JI ijj* £jll 1.1*1, ^iu* J£i ^it jyi, pi^. dL ^ ju 
^ 19-19 Ji-Ul ^J ijill i] jL^ill Isj^ii ^i JLjJI j£ Ijjt jitj . ( 19-6 j 

, 19-20 JiiJf ^ ^IjjJl 4*^^ jjji 
Bi 1(j J)j jSl'l »y]l *JjL** yS£i ^ 19-1 ^jMI Jiju-J ^1 UJ jlLjl^j 

, 19-20 JSill ^ iyil j3>J L-JL Ji jk 

^_3 A>5L;j . h iiiu J h J* *iijuil j-^LUJl JL»Jl '*^y> jJb (Bill A;* 
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( ^M^Utl ) ji* ^UJf Jjiil 



. «Bi)i - Bi j£ LifJj /2 j. ^ Ei & ! 19-20 J&Ji 

: J IjLl J**; pau^ JjjJs dL ^ ^JUII 






( <> J*^ ^ Jijt JUI ) {19-9} 




H 



J-Pi*-*^ 



b itLuJl iiL-j Uwfij /i j j0i ^ J5 JU Lj^Ji ils^l U«J Uji La Ji>^ 

p 
■Ji-i* WtLnJ JjiJj jl^jJ i^jjIjJI -^lijil JUs-J^l , / jLiJI (yi f ULu Ll ;-j_juJ 

, { 19-9 Uj[*il ) r ajLj m ^aiLi» fi :,! Jj jaJj L« J ^ 

^'L^JI* oljLi LI ^ 4J^UU LiIaJI iibJl i*JLii -jUj ^^Ll ,ISty ^ **! 
j^Ufl lj-i ji JU . jjjwI jjiiL wjL il ta Jj*y , aljl^jf djb LflLiJ Jjl 

lW» ,«k-« , tiiil ! 'j IL^Jl l^j^LjJI ^ Ji* jj«J 

( I ) 19-23 Jiill *j^ l*S / fjLy J*>: t ilLJl ^i Ljilj ui* Lil ^i i>ji^ 

jJa5 J*aj jlS Ijli , JliJl &* (y) sJ^Jl ^S jji! J^ma; JLvJI ijji> jwij^j 

l& iiiiLJl ■i ^ Hi- J'jul'I J.aLi ,'iiij , a 4iL»Jl 



; 10-22 jLi 



2a 



(19-10J 



r 

. if, N (19-10) ^ j^jil ^ ^fl ^U« ^ r ii£ p. 

iuJ^I oliU! 

jyi5 ^J j^j-U Ji; ^J* ilLJI lJL [U Uul p jjjJ^J Ji» Jtf Udiij 
jJi . jUjJI ^ jlii iiikj Sj^Uf oLD ji * 19-4 Jiill ^ ^1 uilllj 
_j *L^ U LjtL juo^j , ojjMll cjUUI (J^Wj >iu*j ^/ll Jill (Ji »jj 5jUJI 
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( ijMi.iMjijdl ) fo v-Uil >*!' 




lij 










§ 



M 













fr^JI ^ , Jtl+Jl JLs-ll ty£l LL l+JS ^J SjLjJil &UN «=>^ti y' 

Ji^Jl Ji USj . JUI pS*j ^JjJ Jii o* tj* j* l^« ^ J&J' l* M 
JL**JI jIjJu oLi 1^ L^ litoi* tyfc Jill J% ^Wll uUi $ 
JLJI &j Ui> n j> o^ij i 7 ^ ^ 4*< l^ ^ ^ lj ^-J^ 1 

S = ^ti (19-11) 

jjjl j t j: .... . , ^ijlj ^j oyJ'j U Ui <diSt JJll Jib «y*il 6J* j^j 
jlmiu II S j& ^%i . l^is Lika* &£ ^^ JL^ jW &b jJjUI 
jL J£ jJ oUUl Awy n £JI j£Jli.l&b.lj^j , Jfi\ Jill Jjbjljkljl* 

Li ^jlil JJW J^ y f< j iUJ jlill «JI j* N $ 1$ alii J^ i* 
: yii)l UjjjJi ijjJL 19-11 aJjUJII ijLtf jjJ^ &% rt = A7L 

Lub^ill oL^UU J j*i> j* yjli J* ujlUl W oUUl pAi*j 

, ^1 i^l Ch Ji-^lj v'j^ 1 \Jjfi 







:l<J-24 JS-i 
Li,j__iii jJ>3 JLJ j.)lali f-j ( 1 } 

^ j^_(i jjp ^ til* ^ uJ>i-> 

!i -u i ^jk ^ it^m . il^ oil* 



K X X X K K K X 




X * I K 
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( 'Lkd^LiAll } _ii* bUJI JrfiJI 




JLilJ »i-b ^ Ju wij . jjjlll iild 



: UU! £$1 ^L*Jl J i^UM! ^M foJ ^ tyli 

5 A jlil jLaJI ,jl£j , Uf 100 vj f = 2 cm oJaS -J^ J\jk*\ JLt..j£ji.4* 1 

jLjJlj I - 5 cm *Jjt_j r = 2 cm sjJLi J-*lj ill 100 <j ^jJ *J1* ji'^ ii* 2 

.5A 
. 500 A j* jLill , JjjL >j*jLj JL jj 2 cm UjljiU liL* ^ ILL ^ie 3 

; jUII j*Jl J* iilill ^Ul ilbL. ^ ; j&* JVjmI 



i zr = 

2 5 = 

3 8< 



2r 
L 

2*r 



N- 100 



^ 



i n= 

2 B- 

3 S« 



(W0)(4iixl0 7 T,ni/A}(flA) = r 07 x 1(} -i T 
2(0,02 m) 

(10QJ(4KxlO' 7 Tm/A)f5A) __ 2fi ^ , T 
0,05 m 

{4rrxlQ- 7 T,m/AK500A) a eg- lff * T 
2n(0.02) 




Qt h*j tLu j-e .'^iUJi jjjll u^UJ <Lvj! : oUDt jj^j* ^UU J^Jshjl jj 



. jjei Jj J = 50 A Ijt^ J+~ i 1.,;il ,mj ll> iLyt ISL 19 25 Jltll ~±y. 
AS oLtLi yj_^ d*i>^ jwj ij 2 cm 4*U JjJ? -*$* IV ^Je lil* J Hi ol US 
Jj*ji , 1 cm 'jL_u La AH j-UJi jlj^ ii^j JjjWI JJJJ ^Iji Cfi j 
:19-!25 Jii uj^c . fr4* _j-* U5 LcLJl yjLi* ii^> oL^jl ^i jij^j /s = 30 A IjLj i_tLLl 

, JUI jL: pJUl JJJ( Lf, ^ jill 
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( L-uWiilL } jii wliJI Jdill 



! <7D j AE ^*JUJf ^ ijjjll 3yJi ol>jl Ji*j Oil ; Jl)* 

feg^ ^ te SjSI tyjb, h jtyl #l# AB ^Wl J h jU\ : W 

CD aJUJI ^ jLill L.I . JyUl JULiH _^ ^.Vtj.,. AB ^UJi jl jl . i^jl*; 

, kIJJLJI ^ Ioliju u*ZL, CD ^1* DJJjil ijiJls I jjj Ii jLu^l jLwj jjjljj tfi 

i^U jj C£ AD i^MW > ijfjil JyJ' s^ 1 *»*J £>! N^ U£ : J, j" 

b >j ll jltffl J^btu ^L*JI 

J j! gL^i j^ ji ^ « t «M ji ^ iy i^-j i jii , ii 4«1m 

Ul# EC i AD jjjLJ' «J* ^> **& "^Li £^ki aJi L& I JUj : Jlj* 



f Bi JuJ ^l Ii* 



4_ji jjJI b-lj »jfc jjJi »l^l ^ ) ajiJi &i giS-ij j f Juili Bi pL>jI; ^UjI 
CS pin SjJjll ijjffl o» *$ ^kUJ S^UJI y-iSjj . Jt\ J! j^ ( JJL 

. JiJ Jj <*ODUi 

f jU Jl ji jbi Jj ijill i£>l Uajm Ii* ^ J*i : J!)j 
Ud isfjipj^ IjLj . oL-SLu* ifC j AD ^ i^jSjil a^jtfl UM : ifo)\ 
J4jj*JI jU J JLJl JJ «L*11 u^ jJ* £%) |>LaJI jjift ;> J^ b* 5^j 

ji oLij d^ U->Ji jjiy , (^Sn U^ J5' ,^ o^i*kli jl* ^jli 
LjJiJI ^jjJI jLi !ji*j JjU j| 4*Ij LjL* ip} usy£ BC ^LaJ< ^ *)>b 

S JJJI J* Jy ijiLe 0^ ^ij* jjif llUj : Jl)-" 

j CD j AB Jfi Sjjjil J4SJJ J^J< j^OJI ja L ; Jljri 

: 194 

I 2rcd 

, CD *UU IuJIj rf " 3 cm j AB ^JUJJ l^l<d= t cm ^* 
: ^ CD j AB ^ Jtjt'Jl »j>j ^ yjll jyJI ■ i-iW|jJ»JI 
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( ^ubUill ) ji* «ttl J^Jl 



Fab _ (4ffxlQ- 7 T.m/A)faOA i(UDA) .„„•«,, 

T = 2, (0.01m) ' — = °' 03D N/m < ^ Jl ) 

ga (4nxlQ- 7 T.in/ A)(20AX80A] rtft _ T , 

IT s T^Bi) ~ * Qm N/m < *rf J^ 

^A Jill ^k Bjjjil jyjl iU*j J^Slj 

fwi = (0.030 N/m - 0,01(3 N/m)(0.02 m) = 4 x 10' 4 N 

J^J JJ1I £|LaI JjT jOb igll ifjill jj Lij t>jly . JJI B L*J| J op} 



,1*3 < fcl* ) 3^ J* jijll OljjjJI f > 19-12 



J! £*>-"j - j-Ji»liw JL^ jj L<_«j jk jU 3jy ^U; d^l ^ijjJl ,js 
J^L 4n^» k 'lb ^IjiN jjjp J>4 t U^ ^k J^ ^£J ( i ) 19-26 JLill 
. ^ ^IjJl 4i% jj* ^k c*£ Jj][j , ^(tt, JL*, ji IjLi J«w JL, 

tS^-*> jLi Ijl t (jljj jhj L^_i* ^w ji ,ji#j *j $y}\ jL"k ^j . j^**ll 
jjjj L^JL LdljJl Uljj ^ jijip o*J , ^Luil jLy ^k L^ JU! 
JL^JI JjjJw- jjp Ltfs ctl^j ^ ^1 &x*i } . tfp\ & Ji) lju. oljjl 
*J^ k Jill ^^u« ^ JLyJlk>Li ^ Luk ji i Jill „L, ^k j-LLill 
, LfJ 4aj ^yJl jk ffc sjaD L-JL Liiljll clji ;.ilj iixtf 



:l&-20 JLi 





Lt*iU £ ( Jlil jk jSJXI uljjjJf f>J ^ j-ju ^k Jj-*Jb j^l fJ K-j 
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{ Mlttli ) ji* M >*Ji 




*&W 



nJ3,t 4Juj o sin P j* ( Syll fljj ji ) wljJI fljj frl (v) UHK J 5 ^ 1 T^y.} 

,j_SJj . JLUI ?Jv **Lu jlc tilt! j^uJIj B jjj jj^jji**!! iyljJ I jt £9* 
jj\j\ *_UI J J» &1S _jli . ljLJJ ^Ijll ^JLjJ! jJ* J$|l 10 iSy &*J Fh 
ji jii , JFj ji Bffc Ujlji* SJL ^,...... j-iij ilL J£ $ji t J y> ^3llj h j* 

.j_* ^^LAfj & = JHS/A ijjtll jiJ iJ^Jj ( UJ jf ) ciU N jl* jjl*i JW 

uSiu m! *! j* ■■!"" ■'■■ . A ijll I o-Lu ijiH cjwJ 2 u/j ji <Jft>"An \* 
A(W7)(B«ine) = olj)jfl^ (19-12) 

Uuj LJji jj iJjJl ^ ! Uk-il lilillf p**J ^: L ' M ^^ 1 S "1 2 *J^J 

( Jill ji jjjh i|ill jlrfll _}* M J ii>j . Ij^ ^U Jii *J JJ Lfitoib 

■19-27 JU Jl ^" ^ " 4-i * -^ J ^ ' a> '^ J C i *^' ^^ ^' * ^' ***"' r*' ^ ^ 
j^mi ji — jipi 4 — ik J jji U Bi^ : jLdl Sjj*l jirij^ljjJl *j*Jl L^J* jltu 4^5 tij* jl ii* ^ ji 

, ( I ) *>i yi * j . ^>a ^a >u (t . ^u^i ^Ji = Ak = A(AT) (19-13) 

kJWI *jlc JI C^wJl Da rtJl ,> . Am* jA ^^Uill f\*il iilo*j jl JWJjj 

( i ) fjjJ jjJ *j-»gJ '' ''" J*i ■ ^ 6^^ 6^ i)^ ^W j 1 ^! J^/^ 1 

, Jjii ^ JjLi US i j-^W ^ 






Jil y JjI.LJ^ 



y 



^ 



^) 




c+) 
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I 



( jLua^KmII ) y& .uLJI JjiJl 



JL &> ji ( f 19-27 JSJjf ) j^ jj^ .^ fcj L^ tfiJl JL*Jl W |SjS 13] 
o^'UuIl ji !>■ ■* j-^Lii* v*-^ D* Liii JjJl iw ( i 19-28 j£tll ) jJ^ 

■ J*- * ,j— *jJsUi+ Lj^ttfi (jlL«i J-lllj iijj — nil j* Mi ji Ji*^ , ll> iiBUl* 
jUjjuj-, LpLj ^j^Li* J1_v ^j l*jj ijj jjjjlj Jill $ Ji J* ij^Uj 
J#-* ,j4*i . j-m^UA- ^-jjjJ ^jJs j_ijll jljjjjl p* oi>jf ^ ^i jl^j ^yj 

jLi &ft j L9-27 J.&JI ^j US jWI J! jUJI >- Mi 0^ jl * Jiai 
. i*LJI y^lS* <£j» jL^I J ^Ijjj ^ul ^jaIU. LfM>i iSJll oUj^I 

. Ull^SI LjjJ> Ijj j-jtllijl pJAll ^Jt^JU (> OJuLj ^*ji J* Jj-a^JI '-VA'f. j 

jL&I ^J* <^i /i $1.U^ ^* . /i p3*JJ 3j4i tUti\ 19-28 Ji^JI Tvjjij 
JL*jJU jj-ijJ 1 ^*-" '^ /w *J**j IkJ* Jl I |i SjyJI ji ■ i^-l^l j}** 

jJi (Jjil SJili ,>ii; ^JSj /I oLagl Jj.jJ )Jui* 4i^L Jliftj , JUl ^y>i ^ jji 

^l*j| j|3 JUl ^ ji^l jljjj jL^jl jiujj -iJI J±) «jLb( £i«+j Ijl ; Jjjl 

J! ; . ! * ' . : ' M ,j— LtUill #)*Ji kXu |jli IJ^J i***ij . ;i oL*j^ j^ Jj^ JJI 
MyUI Ji Ijj jj$_y . JUl ^ilill ^Li^U jl*Ul ^kll & l»]i (Urfl 

4-*}* M*" ulL-q/ ^H-*^ ,j— **k^** J^** j* iij-i^j* jlji ( Jil> ) Pjjf jjjJ 
J* 3j_/JI jLs jjjll jljjjJI ,yt jj% . iS 4*\^.\ JLaJI i*A Cj\y Lr J?UiII 

s-j^JI = /lysine 

jj Jlj*j Jj*jj , 0jjj"jI lg Jkii ^jjl nl^JlH 4Jl^ jj>^ JbjJl dLj^I j(_j jjJL> 
p_j jj jJ#LlAi LfJt j_U jLuJi i ir s> J] jii; jl , jJ*H jj_» j_s . kj_wlill 



: 19 -4 Jfe 

1 

. ( 19-29 JJJiJI ) ^Jjlil Jill joJ 5^JL 4fi r Ujli Ljl] ^ Jill j_ji^, 
iJ5 A pjIjL IjUj Ja^j -O^L (> jil1 ^5 ijj 1000 ^ie ^fj^ ^1^111 Jill jlij 

V jJajJI Jill id ij*^ JjJl LlljjjJl f*3* J* L* . JiiJb ~ijll frLaJ^I J jjju; 

: __JJi^ JVlUuI 

! jljj! *]* Jjjbu jjjIEU ji Ji. ; Jlj™/ 
«_i_jj tfjj.1 Lr -J»Uilf JLjJI 4*j JUl j-uLLiill .j*Jl J* 
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iilnj 



Ll>^l 



(4j^biU)jfe£jtJi jtfiii 



T = /ifl sin I? 



;i&-2A jls 




. Jill ^* J^ f t i** iA = ff* i>Ulj fi*Aht - ALV/J : Li^VI 

J *M y U : J1L. 
^U JUL jLjJI cl*j| ie JjJ iuajJu, ^j J»$ jj| *^Ui ^{£ IjJ ; Ll>Vl 

. Jill lSjJ-u X4 JuluLl tAl l ^ frbtjl , J jj*lu ' L »;ll i'-t/'j 1 

? ^yjf jjji^ ^wi ^uui Ji^ji is uui ujui ^ u ; Jijw 

, ^jill Jill 'fp JljtSl 6j>j y oliW Jat yJi ^ &p. : B=i!unl h\jfj\ 

f jJjBI Jill Jl*, *Ui j> U ; J|Lj 

. jii-J! iJUJ j-uLUill ^| Ljj ja*l ^J syj| ^ fJiJ >j ^ ; ^jL»VI 

? i)jjjjj| »y 4J yfy JjJl tUjIli j* U : Jljw 

. D ob^Jl J }i yji dju>j Jill ih\ JJ »)*fl J^ ; U>f 
Jill ^B bL^I oLi JilLy . 19-29 J^iii jj o^ 1 J! ^VlJuJI Ji-i 

'. i* Jjul JliiJ . ^jkLUll ijftjli 

= (10 turns) (O.0GO A) ji(0.0G m)'' = 4.7 x 10 -3 A.m& 

jj* ^JjJJI Jill J>Ij j-njbliAll jbJJj 
£ = (4 jt X 10" T T\WA) (1000 tmuetaJ (25 A) - 3.14 x IIP T 

3* Jill J* jSjll |y«tl fo$ « O'} 
T = (4.7 x «F A.m^.U x I0" 2 T) win 45 a 
= 1.(14 x 10"* m.N 
J_j*i . iLI_j>Jl £m <L^Jlj ^jli_> jJi gj_a ji .till It Lull, ^^L "i ii 
iJwsjj tj_(l L/ilw Jill jLujsI jJaL-jjj , *±J JS 4il oLu[ Jp ^i > j^till 
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( ij-ojjliill ) ji# m£II >iJl 




: 19-30 ji*i 



dpull Jill oti iiljijwJjiJlj crfjfcAlj tfljIyiUM 19 ~ 13 

^Ui, JL^ ^i a_*j lil ^j r >J ui/% ji^J J^UJl Jill d bjj oi 

19-30 J_5^Ji Jj j^ . jjjtaJi <ju* ^ Mfc** U^ ^J* Jjtf ^ 










jjjy Jill -GLS * JLkJi *(>*- £# fr| Jj^ j^feUill f jJl t*L J Ap-j 

^IjjJ f jJ4 <ijj(jJ JUL o-j^ djjuj J^jJ 1^0*"-^^ J 3 ^ ^'-J^ 1 
i^i> IjJ jJifj . 4_j j LI I jW ui £1 u*fc. IjlAO- jj±Hr Jill J Jl , JU 

, JUl ji jUJ jltfll lib** i JUL L^i ^ 4jJj j**,** jjJ' O'j^ 1 ^ J ljL 

oljiyittlfrll 

jjj^j ^Ljiu I^j* 19-30 J-^-iJI ^J UkkiJ p-jH )U^JI ^ jl^ U 5jU 
^ ^UJOI S>^i ^ ^ ^IjjoJl r jJlj JL*JI "^ Ji^ i> ^ ^ ^ 
. 4-jwU J>li ji lajiji ei^ ^j* "^Luj ^ i olji^Ui* Akilj i 4*-L*ll 

jljAt jj^ Ois ijWi JlyO^I ^ij ^- ^UJdl tfj* *^^ ^^J 
•UjMl dljpj o^ ^>S3 J j--UI &*j ■ J*ly ^ ^ . jLU1 (> ^L* 
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(4**^«ii)j^£*Uiii*M 



r 

ijcLiu IjLs t Jill iliJ jji Ji L-jL*J| jiLu U£ , Jj*M ^Li* lL« jjl 

. dJjJ Ljlu J* LaL ^KqjJ I ij* jli oW* JJJ 

i>j \nS j j* <J jjia jl \^Ll>JI jJL ^Ltll li& Jil ±1^1 . jjjjI ■ jU' (y j_i^ 
ij_ft u A>q . Htpj 100 Jl Jl JjO Uttliu J**j U Ijjh 1 JUL jUL-JI oil 
Jmj Jjj^j -lj ^ 10" 5 A IjL; j*^ *jijL ^u 10" 1 V »jl jl ll^ ^li 
t Ljj 1 mA(10 ;i A} ik| jLj jjjh" JJ^ J-i-j ^j^ L^e k^ill! oljijyljil> 

, 2fl Q ^>j Lfl|iii4 luSui 

uUil oli ^LjiiJi Jj^_j»-i jlj-1 |jLJ i L ojjIj sjji jj-I J jlil jljjJI j*U*Jj 

Lf iJ Xj^j . jljjt jLf_aJl |J j_*u 5JUJI )JA Jj , f jill J] J J ,-jJj Jjjkill 

*l Ljjp fjJJl iL-ijlL ,jj tjuiu Jil ^yL" ^1 ojM 3'^-*J! I^iLa* jl <jl , l-iLJ 

ijl JL^V A^wL^ jJLj jj UDL>J I iij* jLi JJJ ^ lUij , iLali jLj-*JI jj£j 

jl jL^JJ j«jji IJU , d^> 1 mA j>j jUi ^y j*c Jfy^l ^i jl jjjj 
Lvl> f-jiL ji i/i jljjJ* ljut Jwu j Li 1 1 A jiaJ j 11b j-> j^£l oKLu ,_yjAj 
jljji j-bij jLjH^Jl J— * J}L_ * j-w yl 1 mA jjjLs jLuJ j^ r+^i ^j 
L>JJ pj-ilJ LjL J^m3 ) jLijJl cjjX> j" ) rt" in 5 li« iiiLsi IJI j : iijJ : 
. ( i ) 19-31 J_iiJl ^J t^s^ ^ U5 jLijJl J\* p4 ^jljjJl ^JLs ( jLoJi 

. Rm -J-!il 4_iiLlt y_i j t£i >Jul j*-ij '*',;*■' UjLiI*l il *$jaJ^ 4-ii ! ii 

i>) ■ ^j*Jl J^*- jAiJ jW fJsA< f'jijj jl y»j ' vj^' y^l Jl ^ lSJ^J 
y-i j-i-^i ^jJIj (ijljjJl JU ILili ItjjjfviiJ Ijjl£ll ItjLiil jl* jj>l u>u 

Li DjJIj SjJj Jrfj IJ| ^v^JI jj jLjJjJtJ IJ£a« _ if fcjJfJL |>j«iUl ! j* j 1 

1 lifjj 4^ij ^j>jJ' m« Ujj jj Jil uj^i P'jaS' Ji i*j^ ;ln u^jy Lj ujj 

ff ipijJl j_aii >j tij 1 ^' j-1* ^j->^ J^ JJ u-Ls jL^- Ji-?y ^ 
UW< ojj ^J jLfj»JI ^j*^!^ ( v 19-31 .LLiJI ) t^ j+>Ji jji L ^LiJ 

Dj*j , SjjIjJl j-aJu: _)ju: J^^i tJu jA jLjj»Jl jrf if»Jl jji y jij ^LyJ^J 
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:ie-31 Jii 

f >j.j«^I^J*i^V(i) 

■LJll jL-j^ll fin* Ui , jLili ^ jJUd 
J Jj-J jil iLdiOl l*jlU J5L1 j4j 






( *U«*jiljjiil ) jii* amjU! JhuJI 




:19-32 JSi 






■* V 



>"^:*i 



CO 






^ 

* 



f 



jr * 



4 V* 



w 






A \ ■ 






' 



_ J,....Lr:ji . m5H.:ii j^ft , 



6 jJ—& l»iLiU 4jLaLj 4JU£ 4JJ U 1jJ>q , Jllll J^ jjjll 'ji 4*1* i>t Jj^ j LijJ I 

' : U-> -j->j o' J-^fci 0' I— Ail ^^ if* l^*t i villi ju JljjJ I J* lLal* /i!i 
LljUu i! j_Le ^jJjmJI ?jjjl ji jUl jLuJI ji Lylo ijtJu &a*{ ^ ^UJl 

Utl^II jljll 19-14 

' j i 

J-ijJlj JyJjJIS ) ij^iJiwjj^J! jjjll j> HjJS IjJ* JUL* ftl j*j jIj . ifji^l 

JLjJL Uil jsLi /Uj jjSJl j* [ lf£L-j .j^j^jJlj iljjllJjjL^Ij oliyfltj 

19-32 J_iiJl jJ i^jjIIj LjSj JawL^! iiJ_H SjjJl j-J>iJ J! f>*JLf *<+> lA; 

ojjitirjfi ui «i4*j • oijiA^ ^j si^di j^» jjjj ^i uJLc oiijjtfNi .yu jji 

ft*, Jj 19-32 JJtill ^J oj^l J^ ^Li l Ljib jL^ & JiLj »> ^ 
, 19-23 JHIi ^ ^15 tj/ JU* L^ LUiUi, 

. ( Uiaj ) L^jj Jp jtjj ii/bj J Li5 kjjjjj oLijjj^jJIj cj : Jj_j5J^I5 t^uLall 

i L^JLp Jj^J- JJj U>J ijlj ( jj^jJ jl ) J)i* JJ oUwiJl iifJ 1 J If! lilj 

. I^fot ^L(u dJi jliJj jIjj ijyjtS Jjaj JijJl ^i jfi 
, oljjJI jj j^_i5 Ji L^uy IfAv ^*Jj olijy5JiU 4j«J?ij*Jl CtljpkHj 
jj Lii , LiU ^ ^j ; L^y: 3Uli ^ tlil^l ^Ls ^>i ^jp ^ Ul 

i JJ5 lit i S j^lil L-JaLi"Jj4*i' jjjImJI j*J v** j ^ ^^» 'I j*dU*Jl olj.J 

LLsjJl jli' toljill ai* i^J lii* j . Lij-i>j 4u5 'i U15 LuiyJ?Ljju Uj# ijj 
'.L!jj« jLuI o!j Huf J>Ij Uj oljjjl git i-iUl oaIsjI IjLJ , JLUJJ iijijl 
UL?Jl p!j» jA->^j PJ^J ■ ^i*** ^-^ |( ^J*' 0^ L j j n i l' LJLAjjji 3jL ^ 

, _ji£l vji ^ 

jil* ii Ui Ji -^aj klu»v( Lj-iLl i-^uujif ijii Lfilf i u£*j It lj-AJ^ l 11 **^" 

Jl J-aij . %li!il jiU;; iiliUI LjlkiVl yiM i*juj i jLi oii ^ Lljjj 
-J r j_a L. ul pO J* oUibLJAll rtwu Loit ^iWJ Mj iilt ^ji ^1* 
^Li LiJJ U>>J( »i^ i^ll 0L4.UJI ol^*^j ■ { i } 19-33 J^J^ 
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(W*i*II)jMp&JI>ill 



J_£iJ< ji J Hi Us cjLS ^jjf pULJl a_ jjj^L^ S^li ( ( tyjfij # ^ 
U i >uy^j> iAi |J ijjiUl uuLJjlUll ^ ^— IL^JI aja ^j JsjOty . (ij) 13—33 

^ i*> i ^J| ^ Jiij otjiI j ^J^ (j^j ^ ^ £^ 
<*}H l +4^ &■ *<jl^*JI ytlJI Ch jit U vu^Sj oljiil m* ^ . LjUJI 

^L^jyiJI oljjJl fr, J& fori J£\ jj>\ jjj ^ _ jf^f |^ jj^j 

fill I5j% jLL! ^ ^ itfjf a i» ^ ^ ^ _ Uji i^Uli IjJjJ) ^ jj 

J^itJlS Ijjl^ i^u. ^ lij^yi ^ ^]j| .^ULLJi ^ 
oKLJf &j£j 3j^ jLU &» Ufi ?j£z l&flibjjk Jljil fil "ij ■ (v) 19-48 
LiUu l$Ji jfcUl si* ,> J-i J ^*Jj . jj-pj L^I ^J *ijta. l^ J5 J 
1U'« jj*; i^j, ji oLiLLi ^ ^uji j^*J| Ui j^*jj . j 19-38 jiill ) 

■ . 
1 LT^ ■ jWlt tM >*- —^ Jj* ^yj jO UaJ[ jWVl fll lift ^ , SjJ 

iy-34 juji ^ ls j»m« ^ d^ irijji ^ ^^ uijj us! yijtfL. 
■ ^^ J^j j^te* Jl** ^ jU^ ^iji ^yji OJJ jl* |Jbu Liij ( i ) 

ji ^ju*i ciiatai j^( ¥ ) . sj^ )L ^"' ^^^ j^ 1 iL5[U! ^ j*^j • >- iJJJ ^Ui Jl»Ji u^U- ^ 

L^ji d_]j., j*ji ,ba yi yjLdjp J ~ 

. ^j&^N^j^i^tJLi t-jj ' tvJ ^ tr* c^J* >* ^ Jb;JJ ^-J'i 1 '^^ oLS ^ 1JI J** ,/ y*li «*J 

j^Jw jl iJ^L c-BUull ^ al jf ft* Ly ^LiJI JL^Ji ^ J ^ ^ 
^jJi* j»Jd?Jl >^ jj ) , JLaJi oL*ji J 3^ L^ o^ ^ i^&j 
Lj^Jl L^J ij^ ^ ^L^i L_utUUi ^ipj| jj J>Jti uJJIj ^^J| 
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W 



( 4^1*11 JjA^lsJlJ^AJI 



^Ltll j^l ^ ji «(M uls i ^Jjlll Jill J jU! jLuJl UL W*, 

J-i*Jl Cm odii <jU ^^i i^H (>j , ^iUi v ^ > ,&& j| jj^ji /,j LI -^ 
uj L^-ljil jul£ L^j ^JiiiiO^ L^li ^jj JL Jiij c*mj |jj JU[ 

. LjIj iLuLL^* CtwJ 11^ «y*fij ^JJJi Jill 
W ^I* « ^jU j-J*U JL**] 5jUI Lt*u fy u^- ^ 
Ltfljl LiL L^jJ J , ^ ■ ^jal , Km k iLtwOJI ^HutLiili ojUrti ^Wi 
. L, 2jU tjJil Ijj jLL ^ f ^j , iJ fl ^ ^ j'l^i j^ f^ ^ 
JLiLal ^ ^ JL^ ^ fi, ^ ^^Bp J&\ JbvJI ^ 

B jjfll JL>JI ^lj i- — 0Jl L>Jb iL* djU Kin *d^Jl ^Lill ^jlilll J^ 
jj^j 1&-1 Jj^ij 100 100000 ^ L^L^f j|jli ^ Jf ffl ^ lj33j 

■ jA^ j M' o-t o*^ i^i Jjj^i ^ us j , Ltfj jc ^ j[jii 4 ^ ^ ii^ 

y£ j^i l|J K„, |uJ £,li f^j JLjit ji^ JL^Jf ^J ^ j^jj vJjli/uljL 

|Jwu fcAjS Ujic . jiyj i^LLkill ^IjiJi Jp. fLjji) U J^ Li 1^**^. 
L>ij i b_* ^Us Ijji J ^ . <^jjjj L IjL Lpli ^LlA, J^ j jljil 
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j 



( ■Uyfli. t UxIl } jZit *J[j}\ Jjtill 



ij&4 Jtji SJjaA fljlj> 4>jJ jfc SjjuJI ^L^M J 19 1 Jj^JI 



Em 4^-a AjJli^l 


JjU 


^MjutlJAJJjJ 


25C 


*M 


600 


J& 


u,000 


jji* 


25,000 


* ^JUjJj Ji iiu^ 


100,000 


* vLui & jC. - 





4 uufayjUl iL 




1.0000004 
1.000023 







1.000012 
1.00040 






'UuuJjuuuIjj 



0.99983 i„jJl 

0,99997 jjijll 

assess 



(UaiJI 
pboil 



0,999^9 ^| 



JjuJI Jbl 



; jk Ijj'i jj£j J i_a*j J^ili lii cu$j'l j»j jil 
JL>JI !j_o {_>] i v_«tlw^ 'ijjij _ LuJl iJl Di^ii (l_-) i j^uLUaj JL>J jiiJl jJI 5j*13 ( I ) Jij^ ji 1 
jjLil ( r ] i JjA jJf (} ) i LpJ^Jl iJU' ( j ) * **j-II *l*til jl#> ( -*) i irj^j )LS Ji>i>j ( J ) ■■ jH^^ 1 
{ . ) ( ^LL tSj» ( J ) t L/ -^lUJ,l *jJl ( J ) i ^y^Al j-rftLkill {$) i jLLJl ( J= ) i lj^uLL^,jji]| 

. jLajI' Jj)L> pjiiwj iliL (^j) \ UJjjm Jliil ol) oLubuuu { I ) u* Vj^^ ^.^L'l jil Jl*jJl iukjj uj jl 2 

, L tJLkJjj j J'livJl ljtk> ? Ail j.uavJ d«u Aj. V i..' J jl 3 

±L J ill jl— J.I lii Jju ■_■ ---"j ii^H oi^J! ^ I jj oLuiJI ^4>J i_A-i>uJ ^ ■ gi'flj. <ljUil iJJJLJ ji 6 

. t^JU .y^U** JL*j ^jif LjJ^t J_>*jyj (1^^** *^J ****** J^ p**^ 
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{ L«uMm|) ) jAfi wlifl JjjJI 



4-Ujul'U 



^,*pUa1< ij^Jl 






j^J^IJi JJil jj_£- Lilt £_*) 4JLJI l tJ _l>: j|j , Lijkp IjLi J**j ^ iJU $kL( J (-*) lIjLu IjLu J**y 

. 4jJaj An, oL DjLaJ 'JlIu ^;)i» U-li£j [i ,\i 

, tJAM j^ j] Ltu^j ol^I <jl£ jj ililkJl ilfjj L_uLLi^ ajU J4 *_uJi ,*~sjj L)JJ£ i^Jlau U Jwu ji 9 

, iI*JJi o^iU SjLil (^ Jja jjl U ^gif Jjf *jJi; ji 10 

jljjJ-ll p* t-L-aJ j|j j^^ JUj jj &u *£j J) u&i ^-^ jjW lW >J1* W Jj-^ j^ 1 <*>W /& jl 1 1 

. oLUi ^ Jtf ji 4JL4 oj^ Uj^ JJJI J* jijll 
ji J^dHdl *j>£j jij . IjLj J*>J b»j*I IwJlj jJ_jJu»Jfj JUiJl j^tl j&> J^ J 12 



.J ^^LaJJ ^-JaLjAll JLfJl iUtj ^iJl U . Jaii« oi Jjyi* jU«^ <> ij^iJ** v^ j^ 1 v^ ( v^ 1 

j_» jljjjijj 10 A JjIj_Li IjLj J^jv (ijjuSJl JjjjJI oJlij . oiyoJj jji jf^ll bjjjkju i^Ijj^Ij jIjj^j* LilJ "j ^ 
jk &_jjjJi1 ^jjjl jutfjl . i^LJI yjiip sL^jI J fj A Sjljii IjLu ij^ji-Jl J**ij i leLJl ijjiic sLkjl ^St. 

u^L^aj ,«Jjj j^> jile ,^!L JU* ji 19-1 ■ JiLiJi ^^ 3 

iL^Li ilikl^ij L^U^jiJI -L^j ^jj ^j* , '^V? 01 JL( 

BjL^j ju^jaJ dLJi^ ^i_ii . i_ij_>^ la^l jli V*^^' ■> 

f ---'t,; -r" ^" jJ* ii*^ 1 
i-tiljjjj J^^ 5 i^-^y wi-U J>lj J| iJjJ Ojy^'J ^^ I-"** ^ 

. jJjJJI jJJI jjAu ^* JjiAJ 

^IJlj ^^ Ji ^t i^j^U JLiJI J^ 1 J ^W J^i fi 
l vUiill j^ <0wu 4aJm> jJ oUj JSJ^I ^j Lj> i_jjiji Ltjit 6 

ji f lilull J-b -J jj^i JL>j 1>jj ^ <jl rLlO-i iJuiij 

ilLa ^ti y 4JI— ill jj$ f JLivJl lj_4 eL>J( _jj Lii 1 j-JjIwj JL*j ;_^fj ^c *jij olj^O^I li-* {jl$ iiLi . ay 





r\ 



19-1 p.(Jfc£ 






( ^ytUill } j& ^LJl J*iJI 



lij» tjJfi oUl^i J*m 3j$*i uyS , »L*ll |> iJuju "dk« J^U j* *jjJ£ iiy*2±\ oLj**>Jl j* itj* J-j*^ fi 
, w*j>jiL > r 'L*Jlll -J «Jjluj j^iJJM JL>j Jti* jl5j m*^ 1 * j**^l S M^ ^Lul^l J-i ^ jyijyj JjJ 9 

J-Cl (_») , jj/£J^ LuJL Jl^Jl Jii (w) , LjjJ Jj>i j^l fljj^Li Lli ' J-.it I ill** jjijjJl &)» i-Lfl ( I ) 

. Vt = Vy i Vt f jjl J J*i ( J ■) , Ur b Djj t [/, = jl 5J i£y-' ^ 
LiLij ■ ,' L -" Ltu> JSflJl ^j^-kli Jl Ljjj^I J is i>\ [> jjiJ ji/JullJi ^jjjuI J>Ij oUjijSi))'! jl jou LiJJ 10 
-jjl J iLvjjjJl jl Jj*J iLaS ji iibJI j-^InJI lhjJj jl ^1* j-Jy jjJWill JL*I jl i>Jjjil . iLuJrfjjJd 

f jl^i Ji J! jUj J j 3 j ^kk. oU cj$ jl &&i J£ , v&jjtfy y#lj 
L^-J^ ^LJ j_£*j jLjj Js> Jjui>JJ ^ Uf i Jjjjj JJj « 1+iSJj Jj«£ll <&Jj ejLfl JjJ jl yijjil 11 
. OJiuIl jjJaJI j* »Lj l* jjjjl ? Lfcli y* jl i i^JL jl ijuj.j* ^li*-l jl Ijji jUf 0^ GJ L* XJ* f^ 
^yjj *J . Jj>l U*.^ jl ^jji J*lij> ikJj^ 'L>j4^Jl JjJj^ jfcjLj. . JWI _pjJl J* ^U» luU Uj ity jL*J -_$j 12 
jLsJI JjL jUilH JLIj Ji ijJjl! ^jJUl jl ili-i>,> »Lii2ll liii— u iJui* y-UuJl jj 0^ j3 ^>vjs aljl^ 
t ijSli)l oiA J« jU iUt^l *»ji J* U . ilJ-Jl asjJ 4JtS j*i ^j 4 ^ j^jJjQaJi 
J U uflj^l r^- J! J-* jl ( j^j'*" t ^ 1 0* J^j^' J! ** ,) ^ k**-i* oLu-^ jjjj } Ijiil'l kill ^iuwj If 13 
ij j-*; LjjUII ol^-iaJJ dj_iiJLj ili Ji . ^"i\ # jljl^l [jAe jl dJi v^*' ^fj ■ I** ^^ ^^^ il^ 1 

JL^Jl ^b cjjJ j^>tJf Lib J3J Wj^! Lij> Lf^Uu jjJI L>lj))l ji^L l^J I^j*; ^ ji J;i* 14 



Uifl>Jli 






lgau9s(^Uj.)(G) = 10" 4 T 

P) = 4^xlO' 7 T,n]/A 



(/;) jU *jj*J j-jIjI^lII f j«Jl 



= ANl 

. A.m 2 jA ft oli*^ 
, ejjji)! Jpi jUJl »l^l )j«M ji*Ji jJI pUl u^uu Ljj# y*ill pt^Vl tUJi *i |/ aL^lj 
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( a^uji ) jS* ^.mi >iJi 






: JLiLl jjUj pUjjju 
(B) ^Uidl JLnJI 

_* B -M*^bU*j JL»m J IjljJ Ji>i dL ,> Jljbil t:i>j Jl* tjjjli <^*J?UA1I ojiJI 

; .a B fH^nwww JLhj J IjU j*>j ilL ^ J I ^ Si iu>j Jf jjiili ^uLllii 1 iy&\ jj£j 

L 

, j«Jl jJI djcIS djj*3 ^jj| y^^ I J B ^>e JS A* IjmIam y*JI =L>jl jj£;j . I j B l*j Sjj-^wJl 4^jljH j* f iiii> 

: L-^> 

I jjij UoJus Ijjw jljiuij B ju IJdUia I jljill jlS" IJI LfJ 'itjj ^1 Jrf U jLjj ^U 5_j5^1r iwJsLWl Sjill frfii 1 

, B JL**it [ IjU^j i]j^ ji ) 'jjlj* 

jijSlI ^-ir Bjijll i^^Lwil SjeJI Ll . jl^JI qU-jL; JuJI <L^[| jj*U j! J> B JL>JI dL>J^ JutJ\ Jj^ /yL>ij _^i 

jji Ulji -u-ijii iL*J^i ^ QjSSi 
, li* ^ ^*£ii 3JUI olixiJl Jb iy}il iijiJl ibJl U . t^l^ifl ^i 

j^ j_a£ .l&j 11 Uj*u £,yi j-^tuii jl^ji jji t v ii^Ji »M r &' J iMlil * I ^ LiJI 'j* 11 & ^ ! 

LftjJaJ tJ^i 3jilj j jjjj i dj*iH A*fcAl1 »J*^»Jl *kwif ijV iJj ( jiil Jii+Jl J**^- 2 

: IjUIL; ^ ijUl Jyi Af^o j*^ I* *» li*j B _» F (> JS ^ IjjLu* jj^j 
Vk = ufid 
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( ^UhJI ) /* ^!2I1 >Ji 



L " 3wft 

^ iiiLiJl .^ jA» p ■ j&*^ ^j"^ " l /^ iift ^** * 



2jfr 



2fl 



( a ijtJ LJrfu ) JjjIj Jh jiy 



., JV ji UiUtl pja ^ ^ JjW -^ 1 SI # * ^ ^ 

nAWJB 

B= — — = /Jo Jx7 

Jljtf j u>j] oliUi M»n t oW J5JI j*JI N i jJjIII jlilJjt j* L : ij* 

JU*fl fLffl p , r *USll Lh> l£* &^ L^-tf *>i JI ^ ^J» j^&" JL ^ j* ^ S JJ* £V U ^ 

T = /i B sin 

. B j fi (# Sjj^Jl Ljl)l1 j* >iy» 

JL*JI ^ VJJl* ^ ^ , /f™ S^JI W=^l 1+vJ^L, I^lUil rfM j* Ujifl Jjll V^ 1 11* 

K ■-£■ 

*0 
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(ijjJtLiilljjifi^tJlJ^I 



: lilii o^3 Jl jJjJ! i^oii JjjJI lis Jj> ttLj 

Anj ^ 1 ; >U<«-uJ?L!uu4jaJ1 1 

&*> 1 ; g^lWIjLji 2 



& < ; L*J»U« UjJI 3 



1&-5 jj i8-i ^ pLfti 

j-JjLlaJI JUJI l^i j^Aj Lik^, ^ »j4L* yjAJj pj Lpi, R2 A jjbi* IJL3 Lj^f IjM JL k* J*^ 1 
y_U JUJI l* jjj, ^1 Sjlll il^l; jl^ ^j[ . B = 8.2 x 10" 4 T i JL. jLUf pj L^j ^| ^ fclj* 

^i iilUI dJj ji ^jlJ ^UJI JL^Ij . ^Vi ^ ^ 1^ jl*I Ji 24 A tJA Ijlrf L J^ J**, 2 

? Jjjil <> GO cm ^ ^ Js a^jll IjH! »Lhjlj jfjie y. L, , 8,0 X 10"* T &% ojL, JLaII **J taij 
uj*i ijajj iJ -*JjLw J'bfj ilj LdkL ji 6 A 4jii IjL; J*»j JL $i 1 m iijb *j^ Js ijilll "&iiJf ■ ■ ^ i 3 

. JJI ^1* t^j** cji* 0.75 T 
0.5 T *jl A fkl* .j-JjL^ JL^ &b*oV L-uJL 45° UJjb iyij *l*. jLjji y 13 A «jJJ IjU: L J^ J**, 4 

• J-^' c^ 2,5m jJiIj tj» ^U Sj^|l| Jjijj j|jij. Mta^t 
jJ Sj^Jl ijfcljjjj . 1.8 A tJ^ IjL; j4>Jj oilu JjS r - 10.0 ran Ly^j J**} t JJl ,> OjjIj Sjy jii^j 5 
JL*+Jl JJ ^m frj_j — *Jl ^ ijljH S^JSJI ijSIi J*j) { 1 ) jlel J| <*3y 0. 1 T -g*S >Mt ^ij ^J,L^ JL^ 

■ Sjj*5l ,> 0.2 mill JjJ3 J^L J* SjJjll ijiJl ^jElt i*ji (y) , -«JslJill 
ChHr* Cfr? ^' JjJ-k 12 ° m *~¥ ^ jl* u*pU j-J»li<iil JL>Ji L* jjj;; yli jjft jfJijj cUjl y**l ti ■ 
J^ 4^UJ|j 4.0 K 10 s T jj SJJjOII wm ^j yij^U ^-JjUAll JL^Jf k^^ jljl, . 80 A Ojlji, ^ J^ 

, jLuJI iLnI jU S0° lijjji* Ijl^ 
ji iUl i^ljiij . / ijiii* IjU Jjl»jj 0.18 g Ui jjdl M ^ul5j 1 vj* - jr 1 °^ [ l/ -^ ^ -^ ? ■ 

. ilLJI ^ JjUt LL-Ljtmi Syii jm^j jUi ^ji a>J . JLJI pj U*5I <^yj 0,G T aai j-^UIm JL>* 
VrfkUi aj2J ulLJI ^^j , j-"Uli« JLkj obfcjl « !jwIju*j v*>l' * j^^' a ^ L« ilL ji 15 A Cai jL* ^i 8 ■ 

, 4dUI oia ^i LS -*fl*Liiil JU+II jfjijj ibjJl i»ji L lj>j1! j &Uo| ^ c^Jij Jl^l fj>jj 0.18 N/m LsjIjL 
j-fkil j-utliill JLsJJ ijj jjji ^ U . 0.3 A ij\Mi IjL; J«*j 24g *Mj lm ^ jjjj >« ^ 9 ■ 

JjiH) oUJl jJ 3 A Jii LLu J**uj ( 30° Ljlji* i^(^ ^_u»yi x j^m JU i^y jjlJl ^ itU J^ 10 
Uki jJ* djJJII Ij-uLLill bjSII i^lj jiji, i*ji , 0.04 T tixl j-atL*. JL^ JLJl ^k jJj Jj , L*jli 

ij(jJU fjLp Jm**jj t j jjj^il y»jjl iUj1( m 24 y UjIjm <jjlj LiiLe sy tjjUil y j^j Jj rf u dL j*l^ 11 
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( U'ImII ) ji* »Jj]J y uuJi 



Lu^bLUll iyJi iLjJlj jIja* a»ji , 0.04 T ja &U1I ^i (y-JsUll JL*Jl ^; , 0<w"-*Jl y j x «* y^ 6-0 A 
i yJUi y j^jm (y) i yO * jj^ ( I ) J)t J* ^t** t J W' 0^ 'J! J-^ 1 i> ' m ^^ **W l/* '/P 

^ 4_*k SjJjH jjjtll j[j_bj (LfcJl jj»ji , 5.0 x I0 4 tt/i? Ujlji. iij-u * j^J tatyll tt^atfl ji jyjjj JjJ 12 
j j_»v# )L>Jl (y) i yJLJI y jjj^ sLjJi ( i ) jJ t^l; JL+Jl $ lij 0,04 T ^M ir i*itUi* JU- yftj 

, yJUi X jjpj iUjI (_*) i mJUi 
frj *_jk Bjitll ijjJl jij-JLaj alfGl i^j] . 6.0 x 10 fi m/s iajla* JU^ y j>J y>_)ll B k^ ^ jjj^l ^ ^ 

y_*jli tjjJM aL»jl (y) i yJUi >' ^ sL>Jl ( I ) jl JUvIl CjIS lij 0.005 T 4Jii ^-J?Ca* lJUvs <-0L» 

, yJUi Z a*| iL^jl (_?■) j 

&JJt ^SiilS lij t ^ Il^»ul1 j^jJ! Jb ^Ji WjJi Lt . O,0bT 4jjJ ^^Jsilii JUj jk Cj^ut jj3y dpi 14 

* G.O x 10" u N UjIjjU 4*U ijjjll LJ>Im1I 
L* . 7,a x 10 n N UjIjI* fyZJ jj-jtUij JL>j Je ijy* 4.8 x 10 s m/s UjUt 4*j^ dj>^ yj^j ^jify 15 

t _-jLL*1( JLfJi jIjL jji 
, L_L^_jil jc j^Jl Jji 30" UjIjL l-jlj v^i L$*t*j!j 4.0 x 10 5 m/s l*jl*i* 4*^ *y j>Ui ^i tyjtftj dpi 16 
L^J ^jji jSil ", : ■-L^:ll SjJJI jIjjuj dL*jI a*jI ijjliJll ^Jp 0,065 T U*£ j-J»l«* JL^ jA ^ 

, yu^jil 2 jj^M £**) l y*jll J j_pn (y) S yJUi 1 jjXi ( I ) oL*Jl JA JUJI oLjjf ylS Ijl iij^f 

, yjt-^Jl Jf j^>j jp GO" L*jIj« Lylj flJ^u tL»Jl ^ 3,6 x 10* m/w bljlji* iij^j jcy ^iJl J frf^ J^ 17 
( f ) *L*5l jJ t^a* 0-004 T ^LUI JWJI jlS IJ[ ^1 Js- 5jJjSl L-atL^il ijSJf sL^lj ; Ij1i y^>i 

, y^J[£jp\a (_^) t yJLJI X jjJM (y) i yJUi)' jy-t 
^H tjj^Jl iijljJi jIjuU p Lg . 1.6 T Cii ^^ JL>- J^ii 6.0 X 10 T Dl/s Ltjl jL 4frj*| y»y J^u 18 

? l.a x 10 ll N lijlj** ijiU l^^ j^l ^ jl ^1^1' J*Ji cL^I^ 6j3jjJI «« 
JUJl ijj ^ L. ( 1 ) . j-uljliAj JWj a* JuLui jL>jI ^3 4 x 10 fl m/s IjujIjai *>j-j U*i c^jyf dy^ 19 ■ 

JUvJI IjJ if y^j sL*ji ^1 (y) ? JjiiMl IS jJI jS ^jil-u ■dn^-j \JjS itpijjll ujj y^Ui -Uj^Ji j^^ 1 

Lijlji* ( *jl— u ) LL(**J 2 x 10 fi m/s Ujljit ^^ Jjai* Lr ~^U** JL*s+ ^it Lj«t ^(^ JjjJj 20 ■ 

jljOl jMktl . 2 ; j_»a1J y**ll tl^JI J tiSjrt ijifi jil <WJI j3 » j>^ yJUi 1^1 j* 3X 10 12 Ill/S 3 

, ^5U kJ^ 1**UI 4)Ul tfl 21 1 
Li . 1,5 T "jIjjj ^ ^1^* Jk« l^ Ukl. J>j fj 3000 V !jIja* a#*U ^J J i^Slj ( gj- ) J*i ■»■ 
S^^JI Ujjll ^ ^ li ? ^l^li Jl^J! ^ ftj^H l#J ji^ ^1 ijiU <V ^ M ■ j** 1 ( I ) ^ 

f' j^j^Ij jj»si( Lfjj> juj »ji]l l*jlt jjSi jiJf jj^jil^l U^j B ^ 
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( huMjil\ ) jU ^jU! jUsiJl 



19-9 JJ 19-7 fr fU&l 
jjJI jUil J-fl , 24 mT o±i ^fei ^^Uij J\j^ Jf [^ A x iflB m/s Utjlji* ^ ^^ 3j*l 23 

, 2 mT Oii ^L*, Jl*. ^k l^e & x 10 s m/s UjU. is^ J^ oj^! <*w tfjJI jUI '^ &>* JU 24 
jIjJI jt5 J^; ^^ ^ , ^ .^LU, JL>* |g tiki -J U m djU O-i j^Ij jlja ^ uj^jl dj^ 25 

V jjUSi W*JI J^ JJ dJiwi tr J»l«li JL^JI Lti J jJ 
jU* ^ xy ^^lJI ^_j fcLJi vj lic ^ sbjJl J 4.G6 X lO^ 7 kg *&$ , IL^i ^>jj| ^ ^j ^ 26 

. .<— i>U^I JL**SI sl^jlj jljij uj.l*! . 2 x 1G< m/s Ltjlji. «j~u 4™ a^ia JL*3 ^lj 
'iSj> >* ^Uill ^tiill JWI 3jl1 ^i L , 1,88 x 10' m/s UjIjL bj^ *Jw ^ £, UJi o W ^ 27 

S 0.80 m tJA Juai ^b jU ^i dj»S l+i**^ Jillj Uijl ot»*** 
, { ijjj^JI lixS J*J 4li*^,j 6.64 x 10~ 21 kjf j* lili m-» 4tS ) 
i^* >^ ; 300 V ajIjJU ^JJ fcj J^> 6.2 x 10" M kg <iltfj (<j = +2 «) ^1 Lxill Jtil ^1 jki 28 ■ 

, JUJI ^j ^ ^ jjlljl jUI jU O*; ^ . 4^ H,Uau 0.5 T tfii ^U Jt*. 
^ ^LS a**, 0,4 T U*S Ufcfc UJ,LU ^U* J>j |s 300 kV ip» a^JU ^ J^. ^ J^ 29 ■ 

pUjI g4 iuUbj 0.06 T <J*J ^ ^La, JL^ 1* **ki* JJ Jjf*. a^ jy J5l» jl*l ^ Ji^ ao ■ 

f ^ C^yi ola>_^ 4^tL ^j Li . 35 cm »>j J* ^ij jU ^ J^ ^Jj U ijj . ^^i ^ 
^ I^Ui, o^ ^>j U Oij ^ ^U Jbv, |^ UkU v Z*^ 4t^j 9 *^*^ u>^- f*-* >-4 31 ■ 
i AT = f(»!i ajj— J1 ^ l^lsT ±Sv f^JI ^ S1L i oJl , r .jbS JL« gpj5b jU ^ jjjj 

. 0.4 T ^ ^^ Jl^ ^ Cjjt iJ>^j 1 ev ^5j> ttu, ^jjj^iy jjiiji jUf >i J^ ^^1 32 . 
j^b c^^ ^^^ ^-^^ ^^ J ^* fi* 1 ^ iu* jJ 2 x 10 5 mi UjliU ^ olj^l ^ l*j* Jj*r 33 
V 8 x IF jvf/C ^j| JL*JI |jj oJl^ IjJ ^LAil J^Jl iii ^ U . h.jJ\ m jl#* Jilj ^^ 

j^- j* j-^^* j^^ij ^j^i t*AiA>i ^ji^j j*i*; tiki* jy> ^w* ja> ^ i^aj oLj^i i,j* j^ ^4 ■ 

Jf*H jyj 8 cm Oi^>Ul 6h <^L-JI ^^j i 0.04 T SikUIji ^LaII JL^I 5^ c^ , bjJI -UUl 
i|H JJ-^ ^^ ii^^ 1 U^* ^/**! j^ 1 ijSW ji»i> LJ^i (v) } objj^ll v^ ( I ) o>ji . 120 V )•{■■• 

. lm »jU J^ iSj>\j ^ J J} £ l^jlj 0.04 T *Ja4 j^U JUj Jt k^t pli^ <j> J^ L«j^ 35 ■ 
dfj*A o^j^l J**j ^|j v LiUjSj^l b^j B j-jtUAll JL>Jf ^ J£ £. w Ul ^^1 JL?J( "^ ^ U 

I^iaII ^p'ai ^ ^ 0,050 T L5i4 |Jali j-^U Jl*, tLSj) y^U«» <#jJI *liiil jlf^ ji r ^i^ 36 ■ 
j+aJ' |ji jlxL L. . ir -uLl^m JL>Ji w jjUu ^^_S JL^ pUl) 20 mm Ujlji, «Uj U^ ^jljill 
T «^J[ iQ£l VL^ ^ 6 x 10» m/s Lp:^ ^1 Ua^Jl upj-atiyj jw ^ ^.jJJl ^ il^k ^1^1 
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r 



( <LujHiaII ) jiifi *Jj)\ J-aiJ' 



iH 



lk> fell J4>*Jl jilS JiL ,)i»jjJuA J^Li- OjJ^^ Hf [*"»* J^ ^ ^ ■ 

Saj oljU 19-2 f J-iifl fr$ ■ f*W jl— j'JJ*l ^ ^ ^ iUijl 
jl>j ^u—u Lilhi* jj oljLJll ijjjj . ijut * ^LtLcitl iiji » ^i LiL-* 
JL^aJI IJut jliJj jl5" lj[* ■ L>J>lJ J! ^J ojj]I ij ijbu* .y^U** JL*4 

j^uJJI p^JL **j—jll jU^Jl ) T ll/J 4jtjH o^" ^ ' ^J^l s ^ ( uji 

Ijhd ^ 8 mm jjLS Jjl) LjjjI> l^ji ( 5 x 1$ mis Ujlji* Ujmu Jyuy i <&■$ <i*^Jl ^>_j tyl 3$ 89 ■ 

. ij$ "to 




19-apj^ 



19-11 jlMOyUill 

, 4 A jjiji. Ij^ J4*i ^Ui Jd> iiL > 20 cm j^J ttb j^ ^toll Jl*JI «■* ¥**! 4(J 
ijj jIjjJ 4jjL^ ; Lull lj* &* iLstiJI Jl^iil «4 uji jju tfi jit . 5 A ijljij Ijl^j J^jl> ^** ^ J-^ 41 

f G x 10~* T ji j*pU ^L^l Jl*l| 

. 10 A jj[jL Ij^ ^ILJl > J* J**uj . 20 cm UjIjL «U U^-U^j jLijiy*j oW^j C*V u^ W e 

jlii jjj-jl , 20 A sjijJi* lj^ L^L J£ J*>yj 30 cm Ujlji* IiU U^U; ^Ijiij 6t«jA^ ii£L M 4S " 
j^ Ijj j»3l ^ 20 cm * oA»Jl a>I i>* 10 cm m. jis j^iUI jj^ ^ ^ '&& xti ^-Lliiil »Mj 

»1^1j ^ 8A 4j0u1 4iU IjLu y»\ JL J^j t x j*J ^*jll b^I j» 6A djLhj lj^ p£U J^> JL. J-*j 44 ■ 
,ye 8 cm j jc = 6 cm UuJI j^ JjSUJ Oaj-^^I 6^UJi <Ls>* «L»jIj jlJ*« -^j 1 - y j^ *$J 

jx* jjU hA j*> ^ lt^^ 1 J^ 1 ^ "^ ' 15 cm ^ ^ ^ u ^ 5 V ^ J ^ j ^ ^ ^ 4G 

iAS a»jl . 1.8 fl iJLIJ y^Jl i*jlsllj & V ^ ^LLw dlLJi ,> ii) ^U ^ ^ 40 cm 6 >i Jl* >j 46 

, Jill -Jlj* i\£ ^,-ijiirliil' JLyJI 

JUJI i*ji ( 2.4 Em JLUI JJ oL^ fjLi . 30 cm djLj JLJI ^ UJ 2000 &-. J^jL ^ JL ijfij 47 

t 250 mA ajLL jLp <JlU ^ Lj^ ^jJII Jill J^'J j-^W 
? LjLili jkiJI SjuJt U . 0.2 T £±£ j-^Lw Jb^ jW ul 1500 ■>. ^j &0 cm ^ ^ JL f aW-I « 
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{ 4*«rfblull ) ji* ^LJi J-aill 






L, ( I ) . 4.0 mT ^LLUIl UL>* Jyt ^ Ob j^ Jb» GO A 4j |jL )>" J**j J^jfc ^ dL jii, 49 ■ 
^-JjlJI Oil I Jj-Ij ^J5JI ^Lwll JL*JI jli U ( V ) v JLIl in l.fl cm LfJ^ ^3 ^ jjijil jj*|i jIjJU 

V tjjA* <> 0,0 cm j*j jle 
r^r j^ 1 A-^N »**jJ Epl -»*y1 5 A Bjjgfc, IjLu L+L» jS" J*^j 8 cm L^ UUij ^i^ tfUyt I^jJ 50 

, ^ jLi^ c^W-il ji (v) j »^l u* j* ( i ■) yljUiH O^ ^ >^1 IkJ^ jJUjll j>i J* 
jUJl ^ti |j[j , 2 cm L^ ttUl c,j& Uj^ 2.0 x lQ" a N LajLL Jl^l ij»y ^ ^L^ljX. j£L V JL^ 51 

t jl»^j JUl y jLjJI lujj ^ Li , 100 A p Ui*i J 

19-12 fflitf 
.L*ji . 30 A Hjlji. IJU» J*^j 120 fcn s JUl **Uj . Ijftt daAJu jjj UJ 40 <g JJ1 ^ _L~, JJ* jBUj 52 
iitftf ^LJ i^|j4 ( i ) Jb>J| ijj^ c^Li I jj SO mT j-^Li* Jl*, jpj w 4j* $11 jl^JI ^ 
! JWJ ^liAll ^>'l d L. ( j ) , Jitii J^i ^1* 3Q n '^Iji ffiU £-*) j ( u^ll *J^ J* l^bo* (v) j 
J— *fj 34 ° cm * jW *>L*. oJlSj L. JijiJ JWI^WI ULj tt 40 &i 6j£* i iiUI &* J^ JL j^ 53 
o^ JL*JI I- ijti ^tf fJJ W mT Oii JL>* l*i Jill jk jijii ^ili f ^ ^ji . 25 A bjliL l> 

i ^ijji JvWi ^* eo r Ujtj*. Lji^jiiJi ^^ ^i ( j ) , ^ (_^j i u^ji ^>j [ v j j v ^ji ^ { i ) 

V (_iUli ;J m>JjUa]I ijjdl ^a Li ( _«) 
^' j-* J^ 1 J^ 1 J* L. . 0,8 T <;ii tr utllL) JL*« ^ 6 cm J> 5 cm a-sLui, Hi 600 *J Jjk-.-.^ JJ* jl# 54 ■ 

I 0.24 Km _jft j^tUiJl Jl*JI 4*U ^ jJji ^ f j* ^i ^ Ijl 

19-13 uUI 

i 
, ^> ^ 250 mV DjIjL ^» j^ jAc ^1 ^ lil^i ^ 5 50 il f ^Lil* j ^U iij> IjjUu ^Lt S5 

?10 V utft j^Jji Jj 5S tlUl ji j/Hl jl^Jl J^ &i JLj5 56 
J^S , 100 il ^Ljill m*y 0.010 A fljiji* jLl; o ^ li] i^jj »J* ( jSyJl*i> ) ^LjL *Sj> ^t, J^ 57 

. /-j JU>Jl v_u^j ?j * r | ^U Ijjjil idUIl jjiiJi pi L^j , jiHl k>i\ ju 9 LftjIiL* iylj ^1^ dLjOI i 
Oil Jalij j—uILa* jL>j *j juUii ^jlu^ i 8.3 cm ojai l.L^ Cjib IjLu u^i Lij*i 1.^,..^ <-,! Ja*^L 5S ■ 

? pw*JI U>vi jl j*j j*jl , 2.0 x 10" 22 kgWa j« ^jfi\ iUi L4S' J tJli^* oLLJ ^ i^j jjj 8.0 bjT 
^Ll ^ISj . a; j_j^ jki 60 J Lftjij^ ^jl^j 3xl0*na/i UjfjL ^^^ iLulu*^l J^i aJ* ^> jj^l Jj^ 60 ■■ 

, Lu£ iJL^jL gjj^J^ jL* Jj , ^j^^I x jjjJi bI*J) ^i «^j 0.006 T C*3 j-^Li^ JL^ 

tWjiil jj^«* ^-> I^Lau Lf_ii j-iitUiil JLk+Jl oj-^i ^Ja« j^Jyj *JjHI uiLjlu bjj (> ^1 »^iu 61 ■■ 
jL£\*jj) 6.6 x lO^kg L^ J£ Uj£j ku^ii Jti JM\} 4J*jJl Ji*j j«^| j^.| 6^ IJb t 0.4 T Oiij 
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( i. ...U'M ) J,f. vjtUI j*ill 



. ^ 4ijW £^1 **& 6^ jUl hm ■ jH ! ff 20 ' U J ijij Mki 4 x 10 ' "^ u j' ^ *W j*¥' 

, U Ljl r £jLi ■'■ :*j Jj-Jj j^T J_. jp *Jjb ii jii JSJ 0.1 N ojtf 1>6 « ^ ^u* Jyfc J- ji* S3 ■■ 

,jJ -il|. yLuJI J^ *ili. ji j*i-i jjLJlJJI o^ I J** ■ ^ A J*-^ 'M A 'j 1 ■** G^ rfJ^I j^ ! J**0 

? ty£U 0* 4*UI ;IjL LI JUI JJUl gi 

JU11 jJ»jJ|y . liJa— » ilm j^ 100 g dtfj UJ 50 4y 15 cm tAity i iM& gfl-&jLi&.* 
£UH\ j^i ^ jS JUI J jUI jLuJi jlx* j* U , gLiVl j»4 $y 0,048 T *iii j*si ^U JL^ 

^.^ ii-ii* j J Lk- J-lil J^ii ■ 50 & **f) ^ 40 ^ 20 cm »>S JJJI (^ jj^i Jl* lS>^. 65 ■ 
juji lil Jill ji pi jLUl jlJJ* Li . j-ijll J»AJI ^ 30* UjlJU lylj ji^j 60 mT OjJ j^U JM 

p &J«aill ,>£ *tijj y Jill ja 'j^J 

oLeab V^ ^ ljJI ^ ^ ^ ■ B ^ ^ ^ >|J ^ ^^' J ***" ^ ^ fifi " 
^ <lM jlS 131 t ;> >JI Je & 5jM 0^1 l* ^ ^r tr^V J* ■ J>^ fe'j> jt^' jw 

f j$\ jy jii-u ^i^ r i^^ 

Q ^ J<jJ*Sl ai>J aj»JI u^j J^^LJI ^ ^i^J Ms«« **>H ^' ^ j^ f^*i! ^^^ ^JJ 67 " 

. 2 jt io* ni/ft bjt& u^m ij*4, y^i i^j . ^ Ji i>t*i ^ 4cm Cj y j^ i^b iju oj^l ^ es - 
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Jijtftjtill 



jlii ili JbOf Cfcj Oj^P _*II A^UwJI JjjjJI c^li J*f 

. JJUl tin ji itlill 



J* 353 



ft- r , 



ra 



u 



^.jaU^l^ftilt^l 



ii>ui j.j.j- ^ui l^i l*ui ijin 20-1 

j_.jcj.JI lJLvJI Iju* i,[i (Jbiil jJ 3jU ii»j USj . 1820 (tU a£*J ^L^^k 
j_*i jJ jL j*j . 4j ikujll jI^JJI i iijjjc dijpg jj jji 4*#laU *J!m3£I « if3H 
iLLUI ^Li Ijj 1. : JbJI JljJi Jfi ty*f\ IjJjU o^JJt %\ jx$M fUl ^ 

■ -■ ■<■ « V oULj *jjj ,"il ; - . .Ll'.llt _^b-_U ,^__j "Hi I t V*d_-ljU 0%M r-u 

. 1797) ^u. d^ Jj* jJj- 0S\ Je- JfcLj . Ij2*]| ji (1867 . 1791] 
, Ju* J£ii jjiliH lift r*&y "^j^ \£jft 0^ py^) ■ wl**^ cljLjjJU (1878 



i\ g 



Jjjj Jjjj i£p$l ij*-ll &by\ j J^^ii ^ui ^ i^ kr 1 j* 'b^ -^ d> -*M* 
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( j-^liiy^fiJI OiJI ) jj^l Jrffl 



l> i >JJJ <£ >u l_ill]l '';'■ ■■; Llit' fi_l) 

4_jjj4i « — nib iji iiluu JUil J&y 




[/tjlj 1 ■'- 1 ■ ■ I . 



^'j.VJi.Ji^'1 



I .ll-'.l 







,yu) 



H 



&^> t(i) 20-1 J-ii!i J iiuJLS itu-j ^i^ L^ysdi a ji J ^ii 

HLj L_j J-jJLs Lui^l Lti , ijj'jwJL J~ali -LJ^I Qjljuuf lilt jili ill J* jlLi 

l+j&h { i' i'",, 1 'vjJU 4J jj j ) tUjjliJbv/ J 'til I J* J«duJ4 4»*ui> Lj^dAJl Ji> Jiw 

. JjiuJ! JUL j_j L «A JUI 111 5 *Jjli»* -ui , ^ (J jIjw II 

it.-* ■ 

L>j ~Jii of ^i-jill jlsl lil ^Lkuj LtLL *La> ^l It . . LjjlLu J* ^ij^j 

j_j3l!H till I lib ^i tii»l^j IjLf oJj ^jii &jV*?J ■ A^' J! ^J^' *J* J J** 
JJU jju« ^1 ) i^jUw L^UJI ijSUJL/ jLS jl US j^fl jj^j . "iji-ai <k»J 
/ ^ , rLiill ,_L<J jl *Jj *_J iJy <Jj_j* IjJj ^j U>Jj>j j*i*! If ( ^j+^l i*>\jl\ 

. iUJJl dlii J5l> 
LI ~A-£jt$i LrfljJl iyJlj jLlU ^i 4m ( V ) 20-1 J1UI ^tj 



i^ 



ijjSj . jj-ji a* yi yinsya OUH . u*i^ ^ fl ^ jJ tj5^5fl Jill ^ jljtfl u^ lii U J* j*ijy 

L-* »^s jJl fiifljJt yi j^ ou^j 5jSy 1 ^^ |i4> . ^ ^ j, ^ ^ ^y ^ ^ 20 _ 2 jjyi U | 

^^yJjUjiJI j£L^ UjiJuSj j!i*jjlii* JU Jljill jk J«A« Jbj ^MtiUi* njnl jifi 

lil Ui . Jiif J jLj JU ^ ^ (-*) j ( 1 ) ,J L^ JUI j\p J L1SL 
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( j^ftli^j^SJI dWI ) jj^i-Jl J-ill 








fl 



m**mimnm 




>M 



M 



it-0 



» W*i -*^^ ^^w *^w 




w 



•»SV<W<«rf 



lij^aij, Ulit Vj ljLJi jl jLu lain) 'j 



1L$_> 



tL$_> 



w 



^Liill jl jtti 20-2 JiiJl it ^ ^jJl Jt} . 5jU j*j»3 jij iff ^Ut 
oU»>Jjl j| . LjJsLJilt tl^li JJll Jj>* Lua ^j**j iiU j^Jj . " Jill}» 



J^iJI ^i y-JjH J}-* I3-* in p'\ dtit Jy$ . iij*k l-+fij L^ 1 - J&J lS^ 1 J* >^ 

. 4$uJI ^kJl llJLi( jj* yJjJjdlj |/J'J 
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( j-uJ>Liijjj^£JI >h±i\ ) ijjjiJI J*ill 




jM'. i 'jn ijwJl JL>Jf ^J Jjjw LiiLP ^uiJj ij^i 1 ^jjui t JLJl J»>b bjJI 



jjll j»ljfcJL 3i*l_Jl L^^l Ljljl SjjJlkjuy Oj5 JjUuJI li* -^ 



I nr = -ii.L-iJi 



ij^JU jAt ^^kw jl ; ajilj yS\ j>\ JjLw JjJhiJ .jy IjLwJl i*JL>Jl ^» i 
. ijjljul •L*5ll J ijfjLi Li ^uLUiil ( jiill ) jjiill 



!2iWJfcS 




RA pM'{l) 




jM^y) 



1, : -'^ 



a.1 = j;^''i» 






JL^JI JsjJijJ ck|jj>- s-*j 4-^JjS JjjJ 3i# li jiJul 4 I Jj Jj* I jjj . jiutliill 
I Jut JJjj Lwli £ jj jIjju Lj uLu ^ j-^LUaJ I JUJJ u tf li[i , j-4»liiil 
l ji*JI L^d*j ;>j 4luu jLul ^ ^Jlj jLi+Jl sjkd> j_j ^U jaU ^Jj UiL jljitil 
b\Lj*y . ji— SI Ji-A; l^"^' l+^w i>^ 'ifibuli Js*k>j vJiw"il cjjIaJI JjUj £jj 
, B uJ w k-i-iGjj a™ijJl ^ jLviJl Ljii A^ljtf jtj jja)I ji^ jj>l 

ii^> 1 20-3 J_£_U1 ^j LS 1 A-JI 13* t> LiUUl ii»j jjliJ ^1 L^kiJl 

t 0.5 T j\ iJ*aJJl lij'jij JL>^ 3ii Ji»X*> J3^a> ^jUj l^ oL>Lnil ja>ji j*I 
ji . Il£»j 2 T LJii ^Uu Ji*3 L*jti *jj!I >l ^ LLS 32 L^ ^1 "dLHl U 
J . jAJiJILj-Li h\% m »«wUS fi ^i^a j-"J°Liill JL*+iJ ^U?ll J^iJl ji 

jljjil JJLy A ULuil lN_> Djlll JjjkiJl Ji* 5] jLisI J| j^iJ( lit Jjjj* 

j9iA = * = A J!A> ^Wl t^i)i (20-1J 

L _S fljw_» J I i'm jusJJOj T-IHl" jiSja* j*yabU*ll ^ujuaU SI olji>j yl ^1 Jl jjj 

. ^iiij . w«her (Wl)) jjill i* ^L> *J 

1 Wb = 1 T.m a 

lT=lWb/m' J dJjj>*^ ji 

UIjS 4JU Uu>I tJl jLAj B ^-4-UJi JL»Jl jLj jj*i\ ^1 1 j* v*^j 

. ( jiisJi ) u^«J! 
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(^UHjj#SJli«JI)^pJI>i)1 



( 1 ) 2tH J&JI J A 4>Ui jjL* « &U B Kji»1 d j5'J5 L? pfl< ty 

JUJJ tj-L* '4 LfJ5^ >i gl 4 (o) 20-4 Jiill ^ ^ A ULil lijjl IjU 
2(M JiJI ji «-*j* y> LS dJtf CJL jiJil o£ ^ . * = $ IJ+Jj 

(JLft LfiSSI ikj-u *Li iJliift ^rjLoJj {ji*L*3l j D <> J5 J>Ju liu* (■>) 

. A 4>LJI ^J* .Lill l n J>*iJI iL*y JL* r JJjj dL^jSIj ^ &UII 
L.UII UtUli Oj-SJ IJ-* jJ*j . Jji*ll 3£ljll B ^ j* fli. = B cos & Wylj 






:20-S Jii 
<I> ■» (B cos ®A oli l4lj 







j-_i .. .■ i 



■' , '' UL-JI 




faJ6=fe*=A4 



(|,ifl,£0-,qj-/U«w() 



20-1JU* 



400 eta x 80 cm L^i>L* hA* -k* J^> ^1 Iqji j*jJ . JiSl i*li j&J 



JhlLwul 



f Ul jj^Jij B ^ »jj-**JI CjjIjNj A ULilj B JL*JI w4 W : ^ 

. = M:oeO : hUA.j* 

? sjjJLJ -ill Uui-Jl 4yf)fl j I* : J^ 

. ( jU J! c^j ) j*jjl ■> 20 n fylj J# j£ 4$ « ^'^1 J**' 

^ = (4.DOmXO,80m)-S,2m J 

>* j^i oh 
0> - (10 x Lff*T) (3.2 ffi*) cos 20° s 1.2 x lrt" 4 Wb 
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( l y^to**jjfSfl <1**)1 ) ^Jt*}\ J^B 



i 18 m s <o>U jjJlj ii/U JWJl LlLaJl J^U jw ^jjl jajaIi <U» It : &s» 



>J ijilij jfbljl* ^ti 20-3 



pGLwl « i SHI i 20-1 [*SliJi J iwiJI -ito' vj^ 1 j* ^ J 1 ^ 1 * *Jj*' 

jjJl ..'J'.Jtl ^jiiiJl jiaL Lilf Lid i>l uJ 4jL>u*jJ| s&jfSi 4jO!jJI Sj*JI j WW'S 

. 20 -6 Jl&JI y U^ *j_^Jl5I ^^m^L t j*.T Jlitfj , Jlil Jlii 



:2(HJJ^ 



j J 



$£ji\ ^iUJl 



' "V JkjF pWffW^ 



/"./.. 



Z 



X 



LfJ L~4 



^ 




(i) (vl N 

jS-y { I ) . j^iSUi iUk jL"! t> j* 

^ j^p j^^j ^ , W*W i'jl, -^ ^ ^L^ ^l ta jls ^ JKil v^> 131 ui . Jr^i JUl J^> 

,^j jL_uA y-jJ4 (>_u jS_ nil i j_i jjjti 

. j^fliui - 7fl2 - 



( ^Ujj^l A*JI ) jjjiJI >1N 






jyLiU JJil JXi ^i^l ^ i vjib 7*iilj sy*J)l Ulot >J tilji * Jllly 
uAjiJI L^j jjliy yjjfl |jj Sjj-ai i*jj j*LiS JiiJ .bill Jsii Ijjj . l jia ,jj£j 

i_j±Jj- Uitf j-i ^jJl jLjJI Jb>jl ^Af j* ijil OJ* jUJI jjly . *A Jl &J* tliJl 

ijj*> j^J ^ll»SJ . ^bljli Jj-J 20-7 JliJl J iy4! H^J' 4w 
v ljiil *j JULJJ Jl^uds ti0\ ^ W i ^itb«i &i uijSL iiUf^Si JLJl 
j^J UfjriU yJsUill JJv UtL JJJI J J# Uba Jfy , fiUp'l ^L*l! 
i*ljj ^ JbJbj i^LiJI ji jjC Jba j^is jjj b£b jt^UII rtuu b±£j Jill 

. jfliljjli ^ iM* adtfUi up siO-7 jiai .j us jdii ^^ ^ , jiii J }# 

itJil j_;.;k' ^i j-b jlull LaLjuI Jij , jLaH at^ll i Ijby ji#jjl*L»Jl J*^j 
, (_») j (y) 20-7 JiiJI 4*^JJ b Ua< . &JJ bjj L uJsbiJi ^>ljJ 

jj-j jjj . M »jji ,>j ji Os Jj ®i ;> ytij i Sjtj* jY jas o lib Jiii jjJI 
^ jjiH! lii Jy> JUS ji 4i»iJl uj^I uMjII 3ji5l L>w ji tSM^i 

M At " ,/ ^ ^ 




:.! 



:20-7 Jii 
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{ j^^jjjSM &*J1 } jjjAnJI JdAll 



■ **^-l 'if*"' i> 
. «_, LjU- i^otliM '•JL-fj .Ji, .».^ -ii jLJl j Li jiT jL; jl pU ^ Ufj 

oli^ <>i ^LjJij (Bind) ^i^jwJLI JL^Jl ijj oUsLjji ^ 21^8 Jiillj 

. ^1 jj dj:S m jir 20-8 jiifl J (Bkj) JL>JJ 

jO'jjjiDlljBi^Lj Djjj-a>JI i-yljJl cul£ Ii] U jJLf IjUiel t LjJU ji 
^ 20 4 JLU< ) 180 n j 90 r ^ jl ( n LjjIjL ijjlj ^ I 20-4 JLiJI ) 90" 
^--JiLilf jLjJf cL^I j' <>■! IjI i fyjA ijLuj . ( 130 6 Ujkiit Lylj ^u 

Ii-* j-^J ■ - r j¥^ JjW u^ j^"J^' u*J?UaIIj uJil Jjkn ^ jiiil jjauJi 
L>Ju* Ql—j 4 *£ «L *jVI J uS^j -*jlj1»U*1I JLvjI' (JS IjI L^-m L^i^l yj^ 

JLjJJ ^JjJb* JU* i 20-8 i 20-7 iiLtlll Lj-jLb ^jJl ^L*JI ^Jj 
Vi'it L^JL^f jJ_ua*3 tjJJ' Ji^W i5JJl (jvJsUiil um^aJU jljAiu *j ;>j ,-^IjaII 
ji-J' (Bint) | j— uLLuill JL*JI jjl ^mi LjaiJl jJjUj ■ {But) ^-uLtuill JL>> yt 
j^j JLjJj Bat JLjJl pi (v) 20-7 JJuiJl jJ Js^^j . liwOJl jUJl 4ftij, 

t hill I lijiun j\^>j Bkki %k> 6* ^<*ij* u|* vjj*i Ijjj^j . LjJ 5 — u j^Sj IjJj jUjJI 

, \_JLJI jAjBr'l 'lit jljjj JV j*j 

^jJI ji^ jUl j>jLjJi ^^ LoLliAll JUJ1 ;>LJ (^) 2(^7 J£iH jJ Li 

, a|> _ K ^ ^ji [ l IJ* ji "Jl . jj$ ^ LJJL * Mt jjSj IOjJj ; jLJI ^ Qui cji 0* mL 

l^tUL. ^^ iiU £p jiL L ^£J| -^^j , JJI| ^ |1^ Jj>o« ^liill ^ ijiJU^ Jill J^ ^JLJI 



jjiJ .Ljt ( \ ) . ( uii iV lW ) yi^l ijuij , UU pjj^ Jl^JI 'Jj ,;^ ^Ul f]f li;iJ jjj ijj ! _..LJi ^j ^1 




V 



I , I . I . 




!i .i N S 



i nil ii >'il 



iife> jUI » JJ J r^l ^j . ^i J^l Jj>i» J* *Mi**Ji J] Jjjj i>iii 
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{ ^liMjj^SJl ^ ) tyjhtt > iJI 



\ 







^ 



mmmm 



-.«; — I 



20-9 jU 

y—ill d£ u*S*3 <J jlj3 til* j)c £*i jij 

. (_>) - («) 20-7 JlSJfo 



~i-i>jj£ OJIj ij Jill JlL> 0™1 ^jUJl ^Jeu*H (jAjM J J&\ iliU-LJ 

i*>j 4^^S)I w'jJi ijitl fi* *jJ*J iJ^ 1 jL^ 1 '^ j£ij ■ JW J (^-J-i3) 

JjEflfl ^ US JL |> ^LJ (#jj* fid ^ &\ ^l t ^Ui Jll^j 
Jy_i- <IW 6>ijj » j**^ j*J B«t JbJI t*2* *Jl*II u* yj , ( I ) 20-9 

lij kfifcl^j , (o) 20-8 J&JI jj ™i r j* LS $£»• $ iimi »M &! oLil 
JLjJI Ijj 4JJX. jiJl Otod all IJJj jUJi jl <*L Bkd i-efcU ^ jbjJi 
^*jll 0«s! ^ U>UJI wIj)I1 ^ O^i -)Ui ^1 lis yiij - LjJL o^ 

j^sJI o,li t j^ L*Sj • iSj->' »HJ • l^^ 1 <^0» '-^ ^^ iA 

, ytj^ \ji$l J OjLsJI jJlJI JijLiy Mull 

^m JLjJi J M J^ m 20-9 jjj] ii^ iu* gi j,ij 

. ( i ) 20-8 JiJJl J {#& ^ 16 **U3I m* j **3j d*oJ 

d J | ]? L>Jl OjiJJ ilil jJ du*jUtl jLJl bLjJl jIm) 1 ]il j^L* jil^Ul kj-^ o^ij 

l_l^j11 ^ oL»>5l jj Bad i-^j* oiLi liLi . <iIt SjUJ J^— ^i-i But 
^i , ^JU[ x i\jt?l\ J B,,i ^ h^lj t, L^ r *«t jL^I il&LJ 

. Jiljt ji ^Lw ^ Best ^S Ijl U jj^ 2 

, ( jigill dJi ^ ol>iJ! ^jU; U iilU *iSlj ^jWI jiuiJI 4i»m1I 
ujmJI SjU^fl d ijiSJI Oifti A jSJ oi*^ til Biuj Jj jiJl ftl^iJI jj> 4 

. 3 ijkiJi ^ 
^£1 diriJtl jLjjjJI tikM q1 u^m jjJI dLjv^I { ^1 jJI ij*IJ ^ ) J^ 5 

. 4 iik^Jf J Ji^J 1 Birui oL*ji 4a*g 
jUl ^LAil JL>JI jj olJ4^^ ^ cruUI olj^di - $\ ^ ^^ £} 
Uktf]} Jlil ULi ji* Li,l jiiy ^1 u' £& 0* ^ ^ ^ . Jlil JH* 
; Um JiLjll ^^ j^ ii iSu JUl S± ^iJI jli IjS»j . iM "^ 

. B ji *l#fij 1 

, A 1»LJI ^ o'j^ 2 

S i^jljji J oiji^v 3 
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( ^Uy^SJI ^ ) JJjiJI J*iJ1 















20 2 JH< 

Jill JIJ Jj . 4.0 cm 2 ^jajUI UsL btU; *iJ 100 Jb jjS^ JJ JL L,J 

Jj_L ^ o.5 T JL^ L^ ^i Jl ^l^ Jlvj L^ ^ "i ilk, c^ t(*} 

* u^ JUl ji <i*^' <bwjjJI &MJ&, Ui 0.020 s Jim ^bj lili . Jill 



D 



¥ <1*lJI iJ.j.j jo*j ^ Lif j# l : Jlj* 



f jj**( t> iiiJl J**,; ^jjl L ; Jljij 

^ jUl j-a B yJ j^i ^Li , jjjlji uiy tySJI i>LH ^ A J Uy 

t A* ^ L. : JIJ* 
. 4JUJ1 jgn^BisO iu> Afr = (Bs - BM : 4^1 

: iiilillji^LJljJsJi 
AO ^ (0.5(1 T) (10 x ifl* m») = 2,0 x 10" 1 Wb 



[ ik^yil J.j.j j 



J.J.J - 



aooa]xa.oxio-*wb) 
0,0205 



= i,ov 






20*3 JU* 
r f 5,00 cm ijJjS JLaJj 10 turns iliJ yk; -u I^m UJU 20-10 Jlill «ta 

JUIl Ltl t ii = 20,0 £1 Ujljju LtjlJUj ji_*^UJL>. Jp ijtlsO I$j J ^A 
^ 15 A ijljJu IjUp J_t*,,j djL cm jX* J_SJ 4iJ 2G0O J* 0*$ ^jUl 
j^ $ j^' Jill jU jj*^ J*iLI ^ttll jil Ljjj . JjLUL c^li >^i\ 



{ ^liMjjfiii a*ii ) ojW J^ 1 



JiU jLtl jUJli^^ ^ L. { 1 ) , 30.0 ms jJ jUi J| J* ^l JUl 



jl_J yJjU JWi ji jip jiij Lji 




fc=2Q 



^ 



L^y^Jl jj >*^ ^ J-UO ^1 ^liiil JM ^ : M$ 
£ijll m >^ y*$ Oi* jJjUl JUl *«- (*&& £»J . 10 turn >J! dAfll 

? ixull i-tjiil jLuJl jImj jjjy jiil Ij ; J^ 
: Jill J ikj^it d.j.j y^ii! jeij J>i»* i*!** ' ~*MT 

u[j filj , ^1 JUI ^i Al ^ JM iiJWil Ml : ^ 

. h = 15.0 A j n = 2000/m *iy* < Bi = ^tfj $1 ^ 19" U ^ Ml & '■ W 

= -(4s x 10^ T.m/A) (2000/m) (15.0 AMO.OSOO a? 
= -2.9tixl0 4 Wb 

, ^Ufl ^ 1^81 J j-U J^J JJ*i p» » VJUI y^l J*M $ 1S3£«| 
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( ^Lmj^UJ jW[ ) ^^Jl j^aji 



(J. i.$ ami = (10 turns) (2.96 x 10" 1 Wb) / (30.0 x MP s) - 9,67 X Iff* V 



j#j d*L-II Ja-yJI jUJi Ul 



,-2i 



7_emf 9.87 x 10 "*V , QQ . 
J "^ = 20,0 fl =4 ' fl3mA 



f Jiii Jy>jUl jLaSl JL*Jl *Uul^ b : Jlj* 

, ao-io J&8 ^ jUji ji i^jb ^ ^jui jili jL: 

ijL>JI j^II 3-ijL*, j^JI JJJ! & distill JUJl h3* oLjJl j? jj : JlLu 

*^IJ 

?|J^ #aj| ^1 jts ( LLj <>jy b^LLu %( ^h Jill nlS Ijl ■ U»?l 
-> ^ •■ " i . ■ f 

, ^ Jill >i ^ ^0W| y^j Ijlj,, JjL^ Jl^| IjJb 

J jUll Ji iLjtlSA* ^ ji^ jill , ^1 jail J J$ | ^ j. L : JI)- 

jUll I jj ,£% . JJ\\ JUI J J^i ^bj d Ln"I ^ d jill jUJI 4JJ : ^.jfj 

. 20-10 Jiill J ^IHlj >y LiLJl J*> £^jjl jj jLJ! £ dM ^ 4^lJ| 




{H UL> ol J* JL ^i U^UI L^l WUl SjiU jbijLs ^fi ^ 
#* 0*Vr ^ M d o^yf^i ■ JUI J5L> j^iUill ^f ^ L^b 
^liAll ufl#Ul £j) i &^ ^| ^£ Uji# ( 20-11 JDJ! J Ltf ^ JI 
J—* ^-ii^ Jili jp sUj ^Lttll ^JUj LjJsj . UrfJS jJ I^Ls. jyL- 
:20-lI Jii B >* l ^-»^ »*¥** i ^ <*!/Jf UtUf ^ C-^U** lid ^ ^b^ ^bjuf 

j^lui jiif ^ jjjs a*w j. j. j £,14 jbijLi ^qj itj , bUj _tmi ja 

SjH#5JI i^j3 ^J*) jLJI ^ ^l^l JUI J ji^l L^s fa J}\ i M Ml 
20-1 ! JJ^Ji ^ pjUl J5U- d^Jl jbJf »Lj| | obJI J# jjli £HJ ^j 

■ o^ j^-, ib*rti ^ J ^j , . ^Lidl JiS jj^* a J! i o* 0^i- 
Lf_i*j i i^jljl Jjl^Jl ^ jji£ ^k j^iiJl J iJbiJI il.j. j i*jj iiuj 

JJ DL^Ij ^Jl U+-M^ ij y^illl V J (Jij t JL, J^ J JUI ^UJ jj# 
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( ^Uijt^iJI o*JI ) jj^l >i)l 



■J j_«j , A/ji /A/ .-Mjilll _i jLull jjju JLiut* A-i ■ i '- 1 '~- j wtiJI i ii>Lui 
: i^JliJi ji &oJJ 4j^1II LeUl 5j3lJ 4JU1 ibWl obi' ukJ 

A*, 

^L. 7 jUlj cJjil! ^ J.j, j c<Ijl-*j ^£ Ijti . ^iLU iljLill tiM 
, V. a/A jf (H) Jyi 1^1 jk J^jJ AT £L>JI Li>j ^ ^LiJl / j^jJlj, 

ikJji yj«Ul kij bi.au U t iljLill 4jI*JI rjl/J 4**ll j JaJl > jli ^LjaII ^J 
5j_jjLliiJ| LijliiiU ii . .<5i LiJjJ IjJlij , jjjjJLi' L_uLLL>; i SjLi > _Ji 

jljjrf— ? jjlj^tfl ^ y*U jbjj ij*Ut L^JJ' Jl^yJI yLJ ( 19-14 «JJI ) JL i^-iJl 

Lju^-j , jIjju'i'I L-iii! J jlu jl jilt Sjjii 5jLj Lu ijJUJI Jwji u jjl jumJb Jii 
, , ^5jj-l_jU I _i <1>jL_ua* J, j, J jJwj jJLu (jJuaJI jLj 1 jjlji^l «_iUl jjir Ijjj 
J| G_a Li-jj-jj . i^ijJ* ufi ,> bill I L^s jlkf ^11 JJbJl > LjJ jfil jj&j 

20-1 j^ji JiJ* 

>j . 0.50 H lajljo DjUm iJLvi UfJj JJjJ> lJJ J*» ijlijil* JJl ^ ■>!& LJ 

JJ 2,0 A > j»i^i ji jW fy U44* ijilili ^ JjE yifl iL.jSU J.J, j jlw 

r 0.010 b ^3.0 A 

2(M3JjUI> : jfoiaJftU 

(a6onxa.oA-B.oA)_. ov 

' ° 0.010 a 

iujiiJ! ^U*JI 20-5 



ihu W ^ b^bU ^Uj jLii JjU Jj^i Oil i^j , Jlii J Aa4 

j*> jjjl uAjiJl (}Li Jill ji jiil jLufl ji^u l*Jie *i ! t iifl ^«jj ■ 1— iU' J>m 



7(>W 



( ^ ijjrhitjjflfll iluJI ) JjjaJ'l J-nftiJI' 
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Ljjlj oxi-j iUj $ Jill ji jLJl Ji jJj ijt LIS li+Jj Lii ^ *]^i. 

. I^Laj jjiill ^| tills JJl! J 
;■ h ,''■ ," jJU LjLjJ i*j3 J I jirfJl ,> jjjiy 20-12 J£aJ| ^ ~^ll jLJl ^1 ^jU 

t^uj a-iLjjJl _i J_^F _ ^i-ijiu. JL^j jLuII jl^l i* jjyy . "ijl J&ll JA5 
^j J JjL?Oj Jill ^ J, j.J ^^L)j tfUjji t)j*tlJ 'M'J . JH« J^* IjLu 

j 

gl lUUil J.j.j ^j-1* r-wy (-5 >j , JIH Jl> ^1 Jj <*k C-S'a* It** 
:20-12 Jti ^ "^* ^ IJ| r^ 1 J L^i* ■ <-J;lM ^rt^ 1 iJJ'jJ 1 &>^ L^n ^ 

ins— - JUS ^ . •Sji cuu Jfi * ^j^ JJl ^ ) . L^lo J ^ ^ L-jlkJi ±±s Jw- ii>uUI J.j.j 

k^ Z,t3$ MkJ !2{i i Jill J>U- jLjsll j^j Jja* jj> AT/ A* D^ 1$ ■ Jtt 






«U4)--*£ 



I J, 

(20-5) 



-its Jill i-fjik ^li ^uu Jt . JLJJ "LjjiJI 4^1**! L LJLiiljLiJl CajU ^*~MJ 

UjLHI tfL>Jl oIj>j t+Ju ^*i oIj*^ . JUl LJ** JlL ^1 ujtfl 3jU 

F 

y u jjii ji£i o^ 4Ji> u^il 1 ijji ^jjj* tJG J^* liyie JUl gtf IJj 

4^jjlj <JL>m yjitJl Cj15 Ijii *J jjj , ij-ukllA+jji _jj uLi <> U^Jwu <J*I1 jl5 
JJImU jjjO Jjw* . L5J-ii>' yJS Ji> teiHi i)L>jJl lJJj Jjij jl JJ^li P^jiji 

( jjpl jL^ll jjIjj J L>\± i^*i olj UoS i Jul' JjnJ ji yuij ^JjL^I 



J|jJ»^l ijj»_j] n 



oiiiJi jjij I ii^i A yayu^ll <*Jm* <>Lw (jjJjiJ Jl* iW 

V lJlj.li <uJbu ,* Li 

i ^ikltjViljl 

V ILuiili a^UJ 1 Jjjju i* L . J'j*j 

iJXUI J.j.j j^ i^Udl 4*jl3 Jj- nW I jf 2U-5 SJjWI j^ : ^l*^ 

; iLuIl >j*j jjaij Ijjlj 

t emf 

" Ai/A( 

, y>i*i[ J. j. j A*iw ^jUj ijl jlc : Jl)* 
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( ^Luj^l £*>JI ) jj>*J1 J*M 



emf= JV^ 
J1U > JU. *^ jiJl J^\ JHI J^ utfH p * O}* y WI »* ji 

^ jSi^Ji ^jUi JUi JU, # is-ii &WJ ^ : W 



BxfUiiiI 



I 



*tL* ^ 4ii c|i t JUI ^ iftU ^ JUJ' J ^ 
f jljiJl jJu jjtf jiJIl ^ ijUJi >il j* Ij : J^ 



Af v- 



Ai 






at ' i • m 






emf 



_ a* = %M* a; _ i^ 



M 



I M 



hi 



IW 



■ Jji\ jy i^j]^ c\ iJM oi 1^ 5JjI*H j^J JJ* ^ ' UJWjJjJi 



L = tf 



pJZA 



L oLi * fi* j-» %*$ WWMil t«W| fcUffy*. jJjUI JIM W 

. 1.20 cm JjUj 80,0 cm *Jjbj «lj* -ulij uJ "00 ^ JU L Li fri : JJj* 

.444x10^:1^1 
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( jtt ' ^UAajjfiil tiisJl ) l jjjiudl J*aUt 



^ji^j ^u, &, sbjSii jiijjji 2(i-e 















^ji J^o&Lf LibJI oLill 4_rl*U SiiilU iluill ^l^iJi jw .^U ijyOXw 
jJU tJjjd yy_ <JL>JI 1JJL1 JjLJ Jai j*Ij <_Jl*j N4^ $Hl Li , 21 J_aiil 

, SJLbJl jljl>l 
L3l*j Ji* ^ yj-SJ3 ^lj : 20-13 J_£JI jS oJjll ijiLill Hji jiJ 

SjiULf ljj*j+ udli ^ J ^J j . ^lliUj *JjUaJJ UjtUij ( *flfflf j*jjlj <J Jjji ) 

^ jj ^ Ol ^_1p . ^//S ^LpJI jLoJl j,l£lj .tail Jii *ft*> ijli jJI ^ jLoll jtfjTl 
Ijj ili > , i ^^ j « . ijlil J ^^sui ^Jiw L**w3« u*^ j<&^ i-fc )l j(i ; till I Jt^i 

f Jjiu. ^tsUi ja jij ioi^j ^ |LijJl ^j . jLjil ji ijLjJ I j4>I; ^i Jill j-ib *i3jl Ulf t f, i*i ojlj 

j^LJ Lwjl>j ^Jdl Bj*L-il 4JU^ Jj LLfUl J J*j*w jl^l i[j lj* j4>bl Jib 

J* jLuil jLifl jlSWI ^.L£)lj J-StfcJf V L* taUj ^ . %IR Ji < fJ i 

j* ijMJjJIj . f = ik*IJI ^ .(jill jUy Liie <>jl1 

/(f) = / J r(l-c-'^0 (20-6) 

^yuu j/1^ jjtj . 44Jwk5l oUijUyjl ^Li ^*j i? - 2.718 j 1(=.%IR <£xt> 
\\ jj : JjjJ oj^JLaJI 4ut>Jl i^J JLaIjj . 4JjIa1I 6Ja ^iL ^ i ciijil 

. ^1 jV <fjj_^ * c » ij^U ^l*j jfjj^S j>[ L^i 
^kL^ JJl j-;^ . (20-6) 3JjUl J^L-J 1^1^ *Lj 20-14 J£AJI ^^j 
yj^ pJj jl ul j-^JJ ) ■ t = c*jL5 I jj / = JuJ (20-6) UjUII J d$ 
. i_,j ©Ijyfcj *J e ^i jj L/i? jljdllj , ( Li wu lj_»h jjLi- jirf ^>U 

Ll^ll JLwLL^I jJtf j*jL- ij . JjJIJJ TL jj-i?JI j-3w)J1 CyljJ! jljill I Ja ji-uj 

( t = L/R = T jJ^ 4ii L-UJl 



:!MM1 Ji^ 



/ /= ?w 



OAV, - 







( j^i-U*^! «i*fl ) ujji* 11 >*n 



t ( = 2T,. 4ifi U t £.7 jljtfl jiUl pjl J*. U*JI «u 20-14 Jliil jj-jy 

J| J^yi jj likj fl jLUI jjfcjl jl£ UK i |j£ L/H fcyfl e*M jtf USj 
. JJJU LSL11 ^.j,j l+>lu ji JjlJl JWiljtf, $ v^^-j ■ Wl yi 
0*. . L(Ai/Af) y Jill ji &JJI &j. J J &0-S) <JjW1 6* l*»*J J*J 

; 17-2 aJjWI ,> j* t UA//AE) j.jIjLi j+*U j> Jtfjj 

4V. a (A*){Vi-M(^) 

^ . J feLu ^ %/Ai J Lit*** li| *1->WI D ^ W o^J 

aw = im 



DjilJl y jUJl »jLj ^ Jji*ll J^l C* '^' *^' ^ °' ^ ^ 

U^ic JjV 1 J-^ ^ ^J *' ^' W ^JlMfr ^ 

;^J*JfJii«0&*JW^j^ 

^ ^ JLi. Jli») . Jill J "&/** ^ d J» JiJdi li» j^ 1 t^g 
Jj^Jl ^j 4_3«jl1 spiJJl jJ ^ £ttl< v^* ^ ^J ^' **° ! " 
, o^ 4JUJ1 c*;L£ lil t f Mill »>4i jt* p*» '>jx? V>* J ^ ! a[1 " 13 
^JJ i^li £ *I.L*» J JLI! j* >i*™ la* i^ &#* o|* ^ J! **J0 

. lu a L* ; IjJu aLU djl^i j£ ^ L 4JU JL> ^ / ;lf j* «i| 



■ i ^^ , UU* JL J HjiWl iilUl j^l ^ fe^ ■ ^^ J ^ 

^lliil JL^Jl ^ 19 J^l ji U-i ; L£j . Jjjb ^ Ji. f 3WI J- 






^773 















{ ^lii*jjtf£)l &*Jl } CjjiiJI J*iJ1 



. 20-4 Jtill ^ ^ Ji, *ju« <^ L^ ij 



: ^ |i^**Ji jji>jj oLUl J j>; l^uij 



am 



2 

ft 



= f w*r 






4IUI 



ii 



J) 9^ ..a.. 2 






(BO 7! 



jljilf Im ijjlL LJ*j , S ^ ^Li, JL^ ^i oWf U\S£ JjU ^j 
^^ Jl*. J uLUl iJUiJ 4^ ^^Tj ( 17-1,4 <JjLa1I ) if E 2 Mh 

<jLi Sa jj L^l v^Lill L^jjiliil JjLaj J#_j_Lm ^^Jl JJj| J\£ jjL 
<JjWI Ott^l Hi! £, ^i Jt 3 .K*J jin Lji fjl UMI Jtij 20-7 iJ^WI 
utJJI ^4i 4^a| ^^j &*3 i,[i h?j& L^l 1] ^ JU ilUJ ^JL 20-7 



: 20-5 JtU 

£* JIjJUI ^ Jill |j* j^j jSj , 2.0 Q tfyliy 0.500 H &U, L JJL, 4J 
Ujill (v) 1 5 JUI ^jjjl c«LDl ( I ) ^.ji , 40 fl f ^j , 12,0 V L^lLj ^ 

uiyi ( j) i gum ju j» i=o,ofio B a*ui jji^ii ^ ^ , ^ i^l^i 

r JjjJi iuLiii yji*. ^ u : Ji>j 
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(j-yWiH^CttJIJijji-JlJrt)! 



. ijiijji J 4J5JI Ljllil j» fl dy> i Tl -L/P : U*?l 

f jljiU ijjL^Jl i*jiJl JA*w jjjl U . JIj-j 

.If- %IR r jl^^!: W 

L = 0.50 H — = o.083s 
E 2,00+ 4.0 £1 

si* jjj t i^*o ouii ou^-yi iU £Lu ^i\ 4^ $ ^ 1j ^ ^J 

' 6.0 £i 



^i ( a 0.050 a i* ^)l jjSj Uj*b jl£ll l*i 
iU = 0.05s) = (2A)U^^ WKmusai)i 
= (2A)[l-c^.w]=(2A)(l 0.5-V) 
= (2A)(U.45) = 0.S1A 

8IUj-1(0J0H)(SM9* : -1j()jJ 



^^pJl^.j.j 20-8 






. sty J^> j**^' jf™ f,M*> 
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&*» i SJO-15 JUJI ^i iLull Sl^Ji Lj*ill jl ^jJl^ UJjUs i^ 
ojljji j^uJi j| y^^f Jpj lj^j „ . nii H & jLJl Jl (pgrspj ^* ij^i 

L^JJ i»Udl jS i>LJl jjlj^ jjjl 4^1 j|ju t-uJiJl 4i'j* **j . &LJI 

Lyl_u £| jl i At *jjj ^«J ^ vAt IjjIja* ioL* dyOy ^uJaIi ^l-LoL; \li 
jljiij . J£ill J JUiJl »^Jj jp 5jL: ^*j i M»fl>&) 4^i L jb>' |jj«3l 



0» 



AO = B,AA -BihiM 



y uiyUl ^ij^OI 



r /^ 






:20-15 ^ 

Ji—t (j . j i ^l l jai uiidiSl dj^pjj Luis 

j inj l n l i ii l l (ji— iJL); ^j jj^ U* 
l jl-I iifl—to It^Jaj , i jJIJ lit jiLi 
. i jilill yi &J-U 4, J, j J| tit JJJJ 







1'Al 




■ Hl.- 



j* iJlWjli uylil iy? JjjaJI ^i ii>ijdl Jj. j.J JjL ,}j£j J ^i 



*tt_.JI i 




;2<Mfi jLi 

» u ski "■ A 



Ai 

. icUII Ljjlic ii^> dLjJI J 5_jjlj|l 
y^ijfiji J^li fj Li*jj Llhj jji:i . Jiyi li* JjJ^jJ Lij>l U^j JUjij 
Jll* v lUjrfj L^f» J™ai* iL^JJI sii ,j^yjjj . 20 16 J£iJl i Li' il>*Sll 



£=£=10 
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{ j^liMj^l 0>J1 ) jJjfl*JI J**" 






^J J Jl J,-- .i t { 17- 2 UjWI ) tj^jkl Jl Uii o- "-J-j" WW J^- 1 

V*M*B x d 

jj!, SjjJi J ii*lJl Lu^UI WlJJ 1 SjSH IjU jL^j jljjtil IJjg jl tJ*J»$j 
dL^II jftju Uiuj jJj * tjplj j* kUI Vj^ ~&f ^ j» J^ JJ^ W* 

: JJi ij* J^ ^ siou-j d), j.j o* *-& ^h B 

Id.j.j-B.ul (20-8) 



L,^ ^Sl UbJL ^j . vy^l jijt to *i*^ «i)- J- J jj-*^ "^ 'j 51 * 
fu, ^jotLjuU v j B ^ui> jU j^LjuJI UjUU ill-Jlj v i B <j>is Tf U^i* 

ULi . us, LfJ* j^juI 20-8 SJjUI dip ^1 4i*»Jl *M&* J ^ ^ l ^j 
^ ^^ 20-10 J_£iJf ^i ^ vs^ J j*^ ^^ • ^'^ ^ 
. -^JjUiJl Jb*JlijL* *tL y^aJI gji i A$ jIjm, ijj*)l J^ jU l uA$ 

■ Jill Jiiil ju uUuJ J' ' A * /Af "^^ u5* *****" J* ^* lJl ^' J ' j ^ J 

: J# ^1 U&e ^ o»j Jl**)l ±>jk^ ^i^ 1 ** ^j 

, UUV ^jL, Ui' J5iyi ^» ^ ji ^-^* «^pJ' ^■JJ fjf*^ 
jL: jjjjrf Uole iiiiJI tlL Jj* dUtS *4; 6* Jfl f-^ ^ J-* 1 *' d J^J 
^ jUJl ; !jJU jjj^ 20- 1G JIaJLj j**jlt ^jJl jii ^5^ iUj ^ 
f2fi Ji^ jfj ^jl^l ^j L,l^> iili, iljUj . SjjIjJI IUjLais ui (/if/rf^J jjSII 

i - (emf) fJ.j.ji 2 | 

;jll ^Li i 20-15 Ji^JI ^^ Jl q in ^ j 1 ^ 1 ^ i; l ^ ^1 ^ 
5jJ J^ik) djju-9 li> u^ij . e^JI <*/* »l(JIJ u^ jj jl i jW 1 J! M^- 
, U4^ili iili **^ i>*« jJ> itS^i il»3l i* L#*l*ty jijSllj* ^ L 

; LiLij *ji*ju lis 6* je^J 
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( j juub[lLtjj4£l\ o>JI ) i!jjA*i\ J^«J1 






_■ (emf) 2 (B^) 2 ' ...... 

iljft _U SJJ^il Djjilf <>jL-^ 4AjJail Jjftil Ij^w ^ji! bjM £|l j-iljJI l>j 

, iky*-, . Cilj ^a LS_ ullJI il til . m*l< j5 



V jft\ LiJL ^ BS° UjU, §)f£ J^j 0.60 G ^ ^>Wl JM &£ 

emf= iJj.i?? 

^jtij B JU^i vsSl ^5jll jj #i 0>^ L **-ij ", JI tf Lv " 4f%?l 

. B, == B coa G3 n J jj j^ JL>JJ jiUi j**sil 

J ^lill SI oIj^j ^* Ul . 0.60 G ^ ilLJl JL*Jl W i Jfy 

. 1 T - 10* G ^ g^jji ^ oWi ; 4jb-V! 

.HjLuJIjJjJ" 
cmf = (0,60 x 10 4 T)(cos 53 c X^-0 m/sO(5.0 m) = 5.4 x 10" 4 V 

jjjill jl^JI *iJ^ 20-9 



LjkJI Z**LJl o*j Jill ji> « 'iUj ^ fiiJU ■. JL JSi ^liAJI trtill 

Il-JL Jill dj_j>j jl JLUJJ u-Jl ^L^ ^i-Ji ! -.l Oj,^ 6^ l^I l^* 

. JiAi«d U ejLt Jb* S^^ 1 **>lJfl i> l^^ ^^' *^W A^J ■ L rt 'k^ 
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( j-mJtUjj^I o*JI ) aji^\ >JI 




uILjJI ;>J 3jj_* jl±J lLljJ- , Vj) --J jjjl Lkui>J Ljj 20-17 JlLjJl -7«iij: 

■jl^j-ij ( LibjSi ^1 cj|jji"L]| j,jJj ^£1 ^,lj* uJi J^* Jjil* JL« Lil** ij^fl 

d. J. j j±jSH uflJJI IJ* '*l*lni|ij ■ j£**i J&v Ji&i tfJJJ^j JJJI jA$\ tjLi jj^'l 

. J_UJl jJ 4_J| jLilf eLfjV! ^ dj(j*H jj ju jLj Jl oia jjjjj t ij^Ji j* 

Jii'L L£ ^Laj ILau 5tLs| JL JjAj JaJj i jLjdl lit JjiGJ jit^j 
jy J^ JiiJl ^ j^jVi j*J1 Jill jJJj Jill jfcjW 3M jA*> Jig ji JfSj 

Jj-jll Jutt JJUiJ* (>j^ JjLjuJI ij,J> ^J JljjJ AjkuJj , JjLi JjJ 4JfjJ IjUi 

dLJl ji n!lj*j , JL. J fc J*** JLJ uiia*^ U Ljfti IS| i gji.ll it Jullj 

Life , -jJaLiAll JLfJI J— afc Oti' jtfjJUj jLjjJI (jlS i ^*yl}U*t _'Lvj J^i> j^l| 

jijj dl* &_ jj_i. >jj , i-fr Jlaj j ^ % M ^5 ^ ,j rf • ji£a ^^1 B *j. ajj jyj j|- us, 

t j jiji ^Li.-.t i , it.i i ;u,,i _j, jjjfl t jJj JjLi ji -tli 3jiii* jU Jjil i> wpwil jLiJI jlj 1*15 tiij i Jl!* IJSi %i 

^ jj*- c^ JW w^ 0^>J -JWI jJ-^u jLi Ij+j* , JUI ytf ^jLiJf utUl .j-. 4Ji« iill Jiill jI) L^ 
. ( Oi^W Lii*jW* (>-a 0«ft ) ^ - ' s ': 

jJj , llii ^jl: Jlgl aJjII jLi? L^j>i^ jjfl «iyi J)i Jill j* iljll jj^ jjJi 

^jjiAJJJj , oililJ ^>jL>Jl jX-ali k ^ JjjjJl iil5j*( jl fUl JsjU j*I jji 
20-17 JiiJI jJ iki—JI Djjjiil ^i "jjjy ij^e jV Jb tjjla^ Jl* J^ 'x^ 

Jill ^jja 1>I jl Jij*^y , aJaiii* J j LI "r JL>^ jj* 3 B J^*^' ^J* ^' )& 

I'iSU ^LSlaJI ^Lslj cmSj . fl'iiWL jiLJJI JjUl j-iy U^A' ^>is 
^j£ jJj . (>-ai*Jl jis ^LJj2 B' ;3 oJLijS ^Ijj ^ISIl i^j^JI ^jMj 



;20-17 Jti 

J 5 &.JA ^^iiiju & J.J dl* 



N V. /" 




/ 



jf AppJicd 

hm|iii! 
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( ^liiyj^SII LithJI ) ^yuJI >jj; 



<GlJ jjj U5j , ^11 iL*^| ji jjjj J1LI 4 J>Jk £*>( l ) M-U JS« Jl 
JJ LjjjJll JL*mJI JjjJaJ- (j_e j-jUI ufljifl uji dj^i ijljuuj ■ **^ J^P W^j 

. iJUl ji kiLii-u-J.J.J. yli j*iitl lift Vf**j!J ' o^^i <-^' ^^ 0*JI 
v ^uuli i _>i_i*Jl t-iJLjj ijlll i U>jull J. J. j jl jJJ Jyli JUuwt ii£ Jjjiwj 

jA^U! ^ <Jisl*JI JjL^ ^ i fcrtU .L*rtl ji |*lJ tfji.^ ji iliOLJ 
iV j Jtf <>ljJs^I oi 'J* W» *4 L*S ( i ) 20-18 J£JI j» ^ J5 JV- ■ lj^I 

*.fr?j_ f ■ 1 --" ill jLjjJi £j|s (J+J ^Lfcaij ■ P } Q i^iJJl f* U#JJl& j^jIjlU-i 

, JjjJI J kill I jiiJ LtJ5 «b*jl |jjS«i JJsu-i 




(0 




■_i *JLU IjwaJL A$ / &t <-j*»>j iy> i^*S" ii^Jsu JtfjJI J^>^ 'I H^**J 
[jl 1j_^. Iju-LI* 4JLjkH 4AA O^J ■ ***--^l il.Jfj i-jLu>J (iljljlj j^jJ fJL*J 

UYj* JJ Jl J^: jLii-l Ul% (jl ^J* . J^LSjJIj JjlisJl uU Jj Hl*J 

jljjj uiLJl J JjiLyy J.J.J Jil jH 

.ii.u i , *,.-..... jjij-., I.ty.. JLaiJI J5LJ. V k^ Jjp*L ijiJl JtfN «iiH ^ U>u*JiJ.J.j i_K*>i- 

f | 

Vi. Uj^Jlj i B JL-jJIj MiV *UJI J U-j . (.'! ■= v sin ^ jl ^ ( v ) 20-18 
(em0MN=iKi> sin (J )(o) 



? jl Q ^j MjV ^UJi ^i M jl N > 6^ i*3Jll jW 1 »M fil i^rtil 
jJi JL*JI Lji» yLJ*i ^ *H j w u*-^J* $ &->% ■ MN j iKull 

r *> S/Ull »i* _^i Ju»j ol^ I JLi •. jl^jJI jj*4 Jj^ d^Ij ^^ ^ M 21M 

it = tur - 2 j^t 
Jul JLfi 1j JLUI ofjj^ 1 JJ^p/'j ^^ ^^1 ^jljJ 1 ^r^ 1 j* wi#i 
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( j^liiyj^SJI OsJI ) jjjiwJl Jrfill 



^j Lijlii LidJJI UjijJI oU»jj y-li> cujIjAt iiJUilj «UI o^l fr $3 

emf=2tfB(2ra)sina# 

Bmf=2j^B*in2^ (20-3) 



v r , ■ i^m 



., i' fr) - i', skr^/i 



20-19 Jtt 

. o*jl* f Sw* ^ lJi A* J j^j 




. Ej^JVj^l jj£L. d J.J jti &*j& *j/ i> ^ ^ ^ ^ *-*** £* J^ ^ 

Lf^j Jl ( McJ^Ji j[ ) &JJI J.j.j J*H ^>> * 20-W J£l!l Ji j^j Li 
i> , % nfABN jt ^Jimli Lji+J wu iiijij i sin 2t# ■ 1 jjSi Lwi ^j^iJi 

, j^s jilt; oWi w &$j 

: ybJl ibjJl Cj^Jl Jbi 20-9 UjLJI -i£ L I^SSj 

jj LjjLj iUjIj «j— w j*iJ jUI liLJI uta jl >J*J Lu L*jlj jj-a; lUJ) 
y, jJ*il Ijj Jj. jl J) . JJjjJU J,J L j 4_ji= j-ii ^^ t j-mUja* Jl>j 
jLLI jUiil ijj : 20-20 J£iJ! ^i ii-1! iL-Ji SjJIjII J >jM ^ f^\ 
t+j* jJ J f A*l-JI ^^1 jl k*% ) , 'l#0 J5 y 2f »l^!l ^- r j'iill ji 

■ ( >* JJ > 
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{ ,j*jdk\JM}j£i}\ OU*J! } (;JjMJ\ J*hJI 



iiLlc 



^WWv- 



■ I u 



■0- 



■Uj..-J f -/J" 



, ikp,, 



lij ill *-tjy oL5^ Lftj^iJuwJ jjji jjjiil jLmJI oIjJ^ j^-Sj L SjLcj 

^j i^ U^l L*J*e ^jtJ a? ^ 4 Lii ULiiU jlJl ,> llLO jii'f i IkJLr^l 
oLdjju »ijici_jlj }jLp UjjS J ji uilil 3j!j^j ^jU'l i^SJiiu 1 iiUaJlj, . L^ii 

T^JjiLS' *UaJ J JJUJl Jj^w SjUi jL^L JjLu-j , fUl elJiil j*L ji Ljlij 

, £040 J&I3J ^ 

jjui)l {jLJ t aJjII .JUL JlL* jLj I4J j*j ^ iluM Lkjjis SjjIJI jjSu UjIc 

uji. Jfil/t gjjjBj t jLiJ ^uLjkJI Jjll dlU ,_,!* ^ jij,j (J «ytU*ll JUJI &j* t ( Jill ) 

jjJl J-jl^LSjil 4_»U»Jts jJ jj) , jljjjJl |>C till I jlLJ JjLaO lLuaj SjUl Bid 

(1* 3jjJw f^5 jlJ* a;! ^i^Jl i>j . ( 18-7 iJjUil } W 0^ 20-20 J£U! 
LtpUl L&y&Jl LiltJlj Sjjyw Oj-^" fj 1 ^ 1 i^'lp -j ^41 BjjUI Ob l jLjjJJ 

. jjjll JL Jib AixiJt 4ij>j -AibLud! JbjuJl daj J^UiJl &J^ ^^ 







LiL^JI o!Sj>J! 20-10 



LjjI Jl Ijjtt] ,j_iu lL-aju it_p- i ii^-^ Jj-aJ LikJaiJ Lj™^ 20-2 I. jAiJI 
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(j^Uwj^SJltoJI)^^^ 













ljju*( 



Ilk) ( 19-10 JiAJL, y*Jl yi 5j*I3 ^ iSJ jtfil »W J jj* "»J/" A 

Uf i il^l di~ ,£11 JjUJI J'j U15j . U^ <J-^ 5/- iilii.^ Lj*> 
, ^ j LjUl ^ y^ljJI 35UJI jIjL jUlb jlj US) ^1 ^ y^ ! > $ 

jji hjiiti SjlhJi ^ 1j* jj*a> sJi Jj* ^ i^ UL^i In) J^j 

M ^ JJj . jJljll J! ¥ j 4»JI ^ ^ 4% « 20-21 JSdl j*>- 
^ ^> U" ) JW ^1 ^UJ« J jiSS-i lft-83 J&Jlj 19 11 (-ill J! 

-G}^ Jlil ^ J* ^jll tfjft $ < ^' j!>w r 1J * ^' ^ 
Li L^aJl m IdtUi Jiil Jji— -£*i ^ °' *l ■ ^' ^ J*J^ 

. jM-*J& ^J*i f l i3j a^ 0* ■J U| Sjl * 4% 
Uili jUI jUsSlI *L^I ^ £h ^ ^ t l> JM&J1& ^ 
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(^liibjj^i^lju^l^ 



Ubil ^ iJl*CUl* ^jj-fll dUrfl ^j fJbj . Ujttll 4il*J! jj JjjU 
JJJ!j ^ jjjtf L,ji* ttbJl J» ±Wp <j*i]Jl Crf^l iw^j* 11 J ^J u^' 

jLjlJl yl» ti!l( j4- Uito *-1 £>"% ■ ( u^>j *^-l^ ^ j^ J* ^^ 

Ll^U ainj j±& <-i-*i)l J^ ^ |J ^ j^ ■*>' ^ 6* fl 41 J**. 
. i)| j Jil\ Jt. ^ L^ 3^UI tt*J!l jj uiill Jy* jUl J#l\ ^ 

5_j*L^j t«j** 3_jlJjij 4-^JA3 p oUi^Jl ,>>y . ^ jiil yljJ fj# ^uj 
J. j. j jJju jli <UL> ^1 jLsj . ±*i ilt y sJ* ^ 4 j>^ l>W si^ ^ 
^J JJJI l M j-1 „ ■; ^tf ^a uUJI ubj . jl^l ik-ijj wLUL Jill jI.l,L ^ 

, JiiJl Jijj* 

jjjii jii j-** j^i j-» jijjji jiw ■ ^y** 11 ^^ ^ j* i^ J r 

, .L [ jjJI j^Jj JH J.j.J ^^U ^v*- iM j3 tySJ =J*j - A*.J *]>L>- djBj 
LtJ^ii , '-;.. x - l ] il.j. j jj <^Ui l^jj| <J!>L» jLil lui jxv^j U i|i s iJbJl 

IfJ* Oliail «irtj ^ i5jlj-> ^ Ifi* >^ up ijUl iu (> ^S^\ 

, 4JI3 Jii ^jl^> ^jJ j*b» l*^* ( *#S*J( ) 



:20-7J^ 

iij . ^Ij ^bUuw JJ^ j»j 2.0 O jdUU j^]^ J^ Jj** olAJ '^ ^ 

V iljpjp-Tl 4-j^-m jjJIjUjJIj-»14( i) . 20AJ!^jl^ca^i20V6,ji 

, L^L^i Sji Jj ^ U j^ad i^j . dj*JI **jl*i j* *% 1 -' 
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( j^utLuujj^lf! liwJI ) jjjiwJI J<oiJl 




12SV 

:20-22 JU 



, ( LjlLJl > w$),P* J? : 18-7 SJjL*1I > : M 

? mill ji sjj^JI Sjj*]1 ^ U : Jl}w 

( Sjl^Jl >P^i^J? : 18-7 iLUll jii tj« L^J ; ijbVl 

f ^hijl IajIjj ^1 DjjiOl *JjLu J* Li : Jlj* 
P = P ( *jk0 ) -P { ij!> ) = 500 W ; 4j>VI 

jv-i a Ji = raow 

¥ Jj^-J) ii-iWl J.j..j i«i ,),)*$ joJl L« : Jl)- 
Sj^l tJ*La > LujJj , . ( 20 22 J&JI ) . ^ UI#J1 **&ll d.j. J m jljiJi 

, 4^SjOI J.j.j jL^jJ i^S 1 Lji** / L^ oJl£ IJli 

a*' + fcr + c = : W^' 
-JH* + W 500 W = 
a = P : & = V t c = -50U ; ^ olLUIl jl «wl« Lp*j 

-y + J7^-4(-ff)(-5flCQ 
2{-H) 

1 = 5 A, GO A 

jLuU 150 A 5_^1 <j£Ij , ^y ^Jm Ji ii$ tftf >J< M 1 lib W*j 
L* Ul» I - 5 Ayj ^L*J1 j*Jl Uiil !jl Ul , Ij^l&Jt l*^ &l ,> ^ 

r 6 = 110V-ffi = 100V 
. CUj Sjjui" &J& fll C^ dj*-U 4±-£a]I ■*]. j, j yi tw^ LfMj 



, JLi 4_iU jj*-laji i 60 Hi W4j5 bjj« \i+% JiAJ j^i JJj*ll jww Aj* p*» 

jjJl JJLLI i>L^ ^* Li ( 1 ) . 0.50T 4jdi jj-JpUw JL*- J ^ ~& GOO 
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( ^liAjjj4fl <M ) ^jiiJi jdiii 



jp® J.j.j oib' % ( v j f 120 V 4^_^J| Ublj iyUJ ^sji i^| j^ 

M j^ii o^ji <^ ^ uj , 20-19 j&ji ^ tyy\ o^Ji ^^ ^jji „ 

? Li^fliJI J, j. j &&2 ji-T ^ jf J* : Jljj 

ft « 130'V £y». 

5' 20-19 J&fl ^ Jjl^Jt ^l JyJ< O^ jS]l UM\ jft Li : J!}-, 
^ ^jJl ^ jLtfll ^ l^\ 4JIJ UM UjUJI $1 t /i: &, j,^ : 4jL>VI 

. VIS = % sin (2$) ^JJ Ij+Jj . ^ ^yi J^l ^ J^ < sin 2j# 

? 10' J a (>j & V i«5 j* Lo . Jljw 
, ^IjJf jjjfill* u-li. M fil j& m (Sin) vy^Jl tqS jLjo[ ^ ^ ; i^$| 

2j# = 2*(60/s)(l(T !, *) = Q.377rad 

r »jk ^ l^JI ^uJ a^JI jlid OjI/j ^ U : JI>j 

, 1/f (jjLu t^jjJ^ j>jilj V^M^ 



A-JL 



120 7 



.'iijUJijjjJi 



6J_1 



2jt#/B 2tt(60 /a)(finO)(0.50T) 
= fi,4xl0 4 ma 

( 5j>{j IL?^ jl ) 2.5 t:m y^ <Jj Jjt *jj* c>L* ^AJI oli ^Lij 
j_a ^1 j^l i«J ,ji ji . 0.368 = sin (0,377 r&d) ^ U 10 :| s 1&*IJI jj>i 

: M 
V = (120 V)(0.368) = 14.2 V 

p yifiilJ j^ jjjjl ^jjlj 
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( j-^Umjj^JI tpJI ) jjjriJl J^iJI 



ctf^JI 20-11 



jui., X»- ^JU jj-ijUi jL*> ^ . >i JJ> J+» Jj JJjI« J+* ( Jjj* 
15,000 V ojIjL jLj! J4* Jl 120 V DjLiy jL^JJ >Ul jjjill j**Jl Jpi 

^j.* jLi ; Jj_j*-jJ1 JaVU J^ jW JtUSj . jL^L jjjl L^i J«JiiJ »jL 

^_>Jl lift if Jj-ajJ] Jpj i> Jj*ll IjJi 9 V *>j iLy .If?- Jj r'j^M ^jIaJI JJi 

JjyJj tl/^jji JWlJ (jl*j "Jj , 120 V _jftj Jjilij Djjill Ja> if* (>j yiiij! 

, Jmj JL> viiuil *jlj L >ajJ iijtA> iUai3 I Jfli t jjuil jullb <jL»Jl Jtf-vJl 



j jA JUJl JijUl jpJl Jjjiii ^jiil 
iij.j^Jl i j|| JL L (Li £Ul jf iHX, 




^>jui IJ+j tj)Sl# , , JJjiii jLjSlI jJuoiJ djIp Jlji^i i-illl J^ . ( ii3 JVs 

ijj JjJjJl fl^l Jl Ji*J Lf iuaJl Jsjk> jl Luj . JJjJ>JI uJjOI j) j^ j-"^ 

! 4^9 ilwuj J, J, j jfik JJ 6^Uil iJUl J}L» jjull ^1 tiJjj 
till I J jLsll i«j JJ^ U $ lifJj li+fi li^jaJl Jmu ^i aliJJI iylLj 

JtJauLuj OjjiJl jJJk A^iJyJ OjL* jjli* | JtJuy , j1 ^ <*■* ■ " il l J.J.J jJ ij>l 
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{ jj-jMii^jj^Ul liiiJl ) jjji*ll J*niJl 



< '— Oa> jl p.' jj 



LSIjViI J.j.j W, 



(20-10) 




§ .» jp-il- -4_\J' 



:20 23 Jti 



fAy-iJtiiViijwi 



J, J, J j IjjjLiJl J.J.J J£J O^aI j_f jjwJ Jl i Juijl 4Jjl«J J DjJu 

Jj_>Jl ^ jJL. , ^JUI oUJ jjji ^ iyJJtS jglfill ^ *j«illj Lj^I 
jjJl Jj^JI ^isj t ^JIjJl J>*JI pi ( JV, > N f ) ililjJl J, j, j' *jjj jlfl 
ji yj^ j^liQ ji v^l <*' *■>"!( . ^UJI JjmJI ^\{K>N P ) Ljjij^ 

. JUll jU| y^jjj JJjiH jLjJl J^>J JjJU ctfyjJl 

ijA. "i d ji iju» ijSj ^ jiii jLsii $ wi* i^iuii Sjjui gj& ^ Lj^ 

Lujil J>L* U*yj oV^JLj iMj>j J -uS^^iJI jjili «$Jj3 ilfljjJ iiiLJl 
. oLi^JI JJ: L»j9jj jjdl .L^Jfll ^ jii_*. j_* JLi* ji pJ >Jj ^ *Ji 

. oUjJI ji j^-JI jlil! 'i'j' " Lv^i i'lyjij 
jjrt IjjJ jLi Si* !u5Lj*i $hi J^ jjjliJl Jill j, jlrf i_^ Q| <Qj VI 
^IjuJ^i i_i_Ul -UjlSJj L>^ju j* JjV 3UJI »1aj . SLsjiL> JJ+Uj Jj* iSltJI 

JjJ-iJl J4! ,jlj JjjJsJi DM CJ»Jj . Jjjtlii jj LfJLjrfjJ (> jiiL 2> L+J Ji^JJ 

. l»jiii 4jJ liiilS j) Li Jjju ^(jluVi J*»J Jjilill J 
6 ljj+SJl olSp j_j jj£} i ijjjUl JiJu o1i>Ji oL|jil-il pi jj»| /iliLuj 
*Ki» Ji^ I jjkj ofJjil ji 100 km jm J* *£ ji ^ Jl 'l^ill J^j^ ,pj 
ISO W JUj-i, L_J 10f),fl00 L>lji Jifl iyJI ji o^i> Ji o' j*j3* . 4^ 

. ^3_>wr JjJ ^ j JUaUjU .V-J- ' .'l il J'-L-il Uub J-**tI I— • *** iLuL^iJ 1 DnJdJI ^ 

jj*j ) 120 V y, j+^JI ^ 6j*j (150X100,000) W ^ ^JLil jjifl ^ 
: j^jJ liill SjjjH ^li ( jj*ill ol^l ji JjUJl i jL*1I j^jJI 
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( ■^'■i*jj.fl | iU o&}\ ) jjuiuJl JusjJI 



Ptot = V7 
(16OWXlOO,000)-E12OV)(fi 

^S ij^ ijLp J**I! {,1 «Llj JjUIl j* kjUJl t$fj# <ifc^1 0< ^j 
in j*j]l J*j . Utill jj J^Ut fj* i>i J*^ Ji tiLftl £& 6* C500 >w 

iJ^jj . 4^LAJJ aJ**Lj Ltfli- iJ/JJ yUJl til^S #i ^ t }L>J-j ^ kj* ii[ 

jl '_l?> ^.i jj* dUij 4jU1S iijkl i^^ iKill si* J*> iyLjfiJi pjmII sSQ^i 
q| jj i JjLJI Jllil ^ii , Lijji*; f i**Jj W j* ijjSIJ jyi>J ^ M ^ 

: apV* 100.000 V 

(i60W)(ioo 1 ooo) = (iflO,noov](j) 

J=1G0A 

*&j« JUI j! 1*5 , 4iWl & ji jJSf Jii ty$p ejlJJl jLuJI tf &S Lrfj 
LijtfU jj 6>w^l **$ jjUJI ji ^fcj i«UIJ i*U hfrfl <d jL^I Jji i j+*JI 
±^uy ijiUl ^ jjwJI Ljlj J jiX" Ji-Jj . jiJL J£_iu ,^iJ^ JiLJI ( 3U ) 
"»J>U*I JjjJl lkJ3j (1000] >y> Jil jLlJI o*i> J ^ (RR) jLull ^ jl» 
ji ) JW1 j^UpjU Jj i-iL^ bjjJiJf oli>l L»Jj Ij^Jj ! ! Ijj/J »/ 09^ 
J^ju jJj *jui« siliLJ ijiiJl J^ Aii ( JiiJt JsAJdl J>jk*j Ul**l 4^J ;Li L 

. 500,000 V ^ ^ U J! iVI JiHl ^ 

^ s^L, JjUii ji d)LL j^i ij* ji; ^ ^Ujiii ^ Hi ^l ^ 

Jjj»j! LiaJI ^jljll ^ ^J ^i d^j ^J Vj^ 1 ^L^ 1 ^ "^ 

, 120 V j*J JI jjftJl si* 
sj^ai Uj^l 5^1 bibi ^ 1^1 240 V x& LUi> JjUIl ,> ^ ivji w 
120 V (> % 240 V ojlou jfw 5jU >J ( jiy'ilj ^LitfJIj ^ eiUM } 
^ } . aJUJI j^pJI JLaL.1 JJ -Lj+UI n\$j$ fa ^ vi^i ^J % 
dnt^Lyll olJ oj^-S'l J^i Lj'jL, ±j»Sl 0* ^i ^ Mu-il j^ J$ jitfl ilil 

, 120 V ^ ^ 240 V 14* jk 5jiJI ^ ^ 

^bJI ^L*yi ^ ILjj L^ i 15-13 fJJl ji jJtiJI J^yJI '^ && £ 

_ ^ 

iijUfl ILbwU ^; - ^t- 1 1 * 1 1 uUjuJ 1 u***J 
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( ^L^j^SJ! di>JI ) ^fcjj j*iJ| 



j_j^il i_*yi* cvL5 IjJ L ijyl jj^J t ii>l jjjl y^i'i "iiil> jLm>I gb aaJ 

{ 7.2 K ^jj ^Ljjll 7* ) JiUl jijjlfJl i*jj j*j 12 K .j> l#jjlj> t£jJ mji> 
J] J_a*j ^Ljj Sjlii^l *_* l5 ^J?Ua]I JLjiJI y* a^Lj^II aj!i\3 uixJl ojajI u 

jj-utliill JL*J| jL-tfj JUUij . TL=LiR DjIhJAJ jJUlj O^ 1>J Jlbvtrf'i'l ;> 

, Uyk 6jliJ jjlw :,i ^ ik^l pjlj ■j'lf { lis- dj^ J? ) lifr (^jS Tt £>!$ 

, ftliyi i JL* Jt /it £l Jl d.'i ijjit i iii±£ 
sjjjL* m^^Lum ^ i 1933 *U jLajJj! j _jLuL jll^l! ^LLUIl Jfo5 * J 
&j : Ji Luj jJJ . jj—ajU jjJLu jj] ■"■ ^-"i- l iuiU.il o^LujjU LiAjj* 
i Tr ijJ Lt Jl LfJjlj> ^jJ LyTjLv J t t »% , jl& < j-yklJAfl JL^* ji ^LjjJI 

jJLI J\ *^_lfi L-iL ^ LImJ! a a* ^i Lwj , j^LilViil JL»**JI ^j [j5JU jjEuj*^ 
oljUp jjJlu jj UL LuCy lS^jIjIJ j^JLJ /}lfl t j^-jliJI -*d»LUll tjdjilf i 
jU i J^jjiJl iijl* ijLil OjUs UjJ* 4j| „ Ijjt *_) _ i-k^viJ' <jjj . 4l**«j 
. SjUI J_l.li ^j^Jl JL»J[ L4ilSt ; LiU; oiJi 5jfll ^ JU ^1 oljUl 

LjjU)J Lj Jj . d^JLw '^AjtLuU^j 3jL jjuuu JpUII J-uJi g ^If "^Jj 11a ,'jli'j 

^(jLuJl ^1 ^.^ j 1 :.i_i*> Lja^I (jjj ( 19-14 u^l ) /Gi = *jj^ ij-aJ?DiA* 
_j dLLjjJ jUl iii>hiJ 4^ulj ■"■■■■ j |l >i-uLi jJLl J _>,LiJl JL>i'l oji . jji 
jL5 ylj jJLfc i U J-jj^ J*^ ij'ji*' ji# jjU jrfi^Uill JL>Jfj . J*ci*J1 IJjt 
. ^jL>JI j-Ljl»UiJi JL^U J>Uk)\ jUi-i'Jl ^j . « £b Ciw^ i. 5U^ 

. JpliJl J^sjlJI 4JU-J UJili us--. Lifu J jP iLt 
ii-i J^i i^U- ci^LxJ i^L Vj a*^ ^ jt U.U ^b ^i jju Uui J^( J 

'^jjtll >L_L*jlJjl 4j_-ukoi][ O a I— » jjl jL) i tij-*' CiLjuui . 4_jja* *-*)-*■ *4^ 
rjjJl JU*JI 6-* JJ^' ^jWl o"ilL>J[j jiLiJI J^»lJI iJl> j^j; pliL-J 

oVL^Jl iL» jLi t LiAiJI Liflj_liIJ v^-Jij) . Li bU 4uJLf T c i*J ^ li >^i»J 
ji Sju^ i^ljLu jj*,; ^i y^jl JjL* jSj . 200 mT J I 5 ^ Lfwi *jIJj* ij#U 
Itj^i Jjji 4JI II j i i+i-i ii-JjlLU 4i"ifUj JLc J^*^ js*. 5^U)f ^^Us^l 
Lpu r j m" Jl _» liljLuJi dLa LftLidj -jJl 5j1>IJ[ Ll^IUII o^L^JI ji 

o^Uj ji j^UJi J^jjjJi W^n Jj^>^l L^ ; tw^jj J ^jjJJi >jj 
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( ^Uifj^ll **)l ) ai^*)l Jrfll 



(SQUiDj Jiji-, ^jj— J Jj4^i JLiaj . 4ijili jjh>4 v^ tyfl j* ^ o*^ 
LilLi L-Sll J-»ljil 5>-*i : ItjWiII oLJiU JjS'l Jj^_x)i <> jj*U ^lj ) 
j_m i OX 5Jaj iJ — jLUill jLsJl i!_jjjj ^LJ L j_Le djjU ^jj ( J^3ji r '' 

tlklf o}LjjI Jl JjLjj *41£ j"*^ ; * Jj-ji . jjj^jjiJb <uiJaiH ^Ua)i ^j lj» 
J^^Jt ftg j'j* JU«J j£»l IS] * (Jijf &!Biil { -y>L jl jj-^MI ^15 

L^ikll iyftjl ^JsLAll d j'lsJl JjJjj (fa ji» **£* Te 4*jr* CitfrjJ IfJj 

. iijjiiil J LuL a I «ij*jll 



^i*jJi jui 



; JU Ijj'i j_j£j ji v*i J-^ ( ' ^ Cj ^ 1 4) ^' 

. J**Ji ( j) . 4*4»fl.4]Aa : (ij' iJ J^'J^'(r')< ^pJI^J-J(j) 1 ^ l ^J 1 *i 1! ^ !iJ, (j)- "^ty 
ii.t.-i ilL-^ J^ LjUj U-_iu fj-i: J i L liLt Ji>0j jjJI ^1 J [^ >^ ik^j "JL* JjL* LjIp 2 

. iii*iJ,l jLJl frL»j| j±sj ^jlj ^ixLJi 

. iJjLJl SibJI jb jip jSfl JjIjJI ^Lsi jij , ujIjj 4Jjbi. oUL^ ji ^*Ul £U J iiLs JiS ^ ji 4 
i-rjJl |j^ ^Ij jijil jl* 4JLojj LfJi' ^Ltuj * jliuj ^Iaj JJj i> j^ Spljl ,>jllj jLuIl ijj Qi^ Lwj j^jJ j' 5 

. ^LJI pyll ^ j^Ji ji*jJI cubil ^3 dl } , yiil j5Ul iW ^ 
SpijJl jj jUJl W jjaJ iij . U l I jiiJ oJi lil (5) ^ij jJ Jj^ill ijlljU ^i ^jJl ^1 v-^ J 6 

, -bill jLy ^i jju t itjJ ijl & 

. t? UjlA iij-^ JL»JI ^ lljj** ii^j / <Jj1j >ilLJ tW-Jl ^j*^i w'jJ 1 ^1 
« J*Ijp Ijl jUj s ^ ijjjij lit* ^Uu J^ ^ j'j , %«i JJ j^ j^ # LkjJsiJ 5*£i ^ ol S 

. j^jJIj j^JI jjj LjiLy iLj p*y usTj ah^ 1 ^ 
, JyJ! jynJ LjljJS 4*jJI Jj ^ iJ>xJ L^^iJI J.j.j amjO IjU ^i3 0' 9 
. <W « Jilu is JjjJI <JjIju jJw jlj . JJjjJl ApJI jfliu Jj*-Jl ^ iJ^S ^ l)I 10 



iUl-j ^ ■■*■ 
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{ j^s>l>xi^^S}\ dojl ) jjjiaj\ Jidill 



oLua A Jj *UjujI 



, JLJl j* iiiit 5j_^ jjj>v, ^i i^ijJi LI jvijijj LjUij J+i 1 fa ULJlj . sjwuj jjj <jbu/b j^ Ltil> jSi«j 1 

uLaibJl y£lj£ ^-^ ( ' ) *M f^! ^J&J - *^ 1 &*Jl j* rtoill ji« LtJJ* 2 Jj UbJl jj iJU^j L ni* 

. 4JI* JS' ji frijll *j jUiU L>1# LLj pj* , LiljT II liJi* (l_i) j 

l JO l^ih ^k. 3jaJ L)Uj li-j p-jl f BjjjJI ji Li*ai*il jLil *UJ !^a Ui , iL}i ^sJW JJJI J p 

■ h^ j* ■ j1l *^ 1 j^I °k^' *J' , > J5 tj Ijw 
jLi i_p« iLlj ^rLiLLi* iL*i Ijji , 1U*JI ■Sjt jiie sj-iUl ji y£ Jta j[S} . ijJli jy J^j*i <&. jfcuS 3 
^iJl JjiJlj **i*Jl ji ii>jLJ.| J.j.J Juij ^js Li ( ^-jl^jJI JMi- LiLJ iiJsl «.' 5±^lH jy Liy jj_^»J* -uk* 



JLdSI _iUI 



***r*w*»** 



jjj'i!' j-w 1 



cO 



20-1 f J" 



^UH ^jjy Litf 20 1 r JUL, 6J-+1* rf^ Jill ji &uj IjL 4 

. 20-1 i JiJJU WJLj ilUl J*l ? rij 



jiLi L» j^f { 1 ) <JjLi1i L^JLi- ^jS: a*** ^illl mj ^£w J^ , L*Li ^Li* j£*Lu*j j^iL JjJ ji y* 5 
. lfi\:i\ liL»Jl ^S ^l> Ufjuij o^y ji «»j Jjis jj* ilLu JIjjJI jfci ijtiUl J^j I jjj. V jlii L j4**J (y) j 

, 6^s L> jLtl ( j ) ; j£« L ji£! (_^) 
V i_aUiI ?L>Jl jjC a* ()jftLU 5JjLlil UbJI j^JS JLS . J^L ^ji i_iU Jiljj jaLp Jd* *jj 6 

? 4jiL+i Uj* JI ^LaU Jjj (ill ^ij 
LiUUf LaJj^j^I 5}^*iU iujlU' UltOi jiijB ji> ^ellflJI jl*sS)f ^j <1>JL« . J.j.j .iiii-,1 *Jli,S ^L 8 



. ^wJjUaji JL>j J MuJ Lilf Wu!- ,J1LI bjil j' I-.! I ,> Uii, ijjj ,_^ ^ 9 
LjI* tjill ^ ijjg Jjj . 20-2 f. JiJjl jl j^jW Lljill JJJ jjj 
I j-A Jjjj S j-rfjtlji*# jLja ji iu> Jl ijuloj L jlJ 0* Ku*&* t^kj t«>jLj 

JJj J ouuuj ^jJ lJL Jijt J*! 4iJi 20-3 j JiUl j! LJjaII iiisJl ji^l 10 
i ^^1 i_iiil J5LJ- ( SjJjL* J,J,j 1L_I^j ) jjji* jLv jlj** (J - f^jJl 

..Oj j,' L>U j>1Ji ia injt-w Ljjab Ij-J jl Li v ljU , 4Jl>L 4jJL>J I d^uli 
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20-2 »Jli 









- 








( j^toj^iJl iyJI ) ijjAiJl j*jl 






yJJI lia ji ilii-,1 ji i^fjjJl oljUiJl o"" j? Vf-J 1 r^J - jjJjUi Jill iji 




^Biv. a '•' *'-"''* *■ 




, £>*-*; ^*^j 






. JJ«J* 


l_Jj <Ji jJjU! Jill Ul s ^WJI ch w^" 20-3 r JUif J i^jjdi axJjOI 11 




..■^"^Erf' 


J[j^ 


l^ail ULS\ ^Li ^yjl Jlil J j$) jit Uiifj . .^LAil *Jb^ Jijj ji) 


V 

V 

■ 




,> ^LWl JJ&J JLrf5 rJ-fljJ w4> , U*jUJl »^l J*$AAmU\#m ^llS^fcJI JjJJ 12 


1 


J^S>- 




, Jy^Jl ^ ; I,J! t^jj| jl ^^| j|^| 


20-3 fJU 




. lu^ ulb Jl J#\£A\ JiJJi iiiLj+lH aUjII Jpj Jtf -jil 13 








jd>lt 








: IjrfbjjJ djl ^jj 4Juiu olji>j 








( 0) j^Uill { J*jSJ! ) ^will afj*j 








1 Weber (Wb)srlT.m a 








(LjlM)^LmJlalj*j 








1 henry (H) = lV,s/A 








; 4ju*rLi JjU#j oLbbiJ 








f*j ^twi^i 








y U A b-U* Jy> j^tQAJI jAjiJ 1 








■J> = flAciiHi? =BjA 




i 




. D Ji>Lll JLt >ULL' j^uJU B jjj i^***!! ijjljll j* d ij> 








jtffa&MJIAjltfi 








J* j o*i» j^Ua* ^hu^J 1*uH Ul W <j JL J *i*j-Jl Uuiuli d.jj 








A* 








jtfjtffl 


y ) ChPjLw Jf Jjjj L-uosUju 


J 

TfL»j jJ>,i J.j.j ol*5l jSjIII jLuJI j' .■.^.^^ ,ri iL^jil! j. Jr j »L*Jla$ 








. ^jLi-ll u^" J ^J^l jJ^jJI ( Libu 
















: jjk >^Mi> jjwj jl JU JiU- yj^iU jlij £ 








, jyj jiiaii b JbJi J ^i^ ro^ijj ( i ) 








. Jlil 1>U j? ^Ij^» <liwk; jy) 








. B j Jlil (j£ & t^jljll jl ^lj4*J ILJjJ {_*) 
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( -jujsliijjj^iJl i*Ol ) jjjiaJl JjJJ 1 



(M) ttiliill tfbJl 
. ^Ufll Jlii ji jljdl j# Jm.j jylili Jill ji ikjUs J. j. j da v^Wf liifitf-frfLtotlt '*IM\ SUJl 

. iJJ Jill ji jluJ; J,* Jj*.j Jill J ijL*iJll J.j.j ^ ^lidi o$ u* U Jii *£I4J1 aJUJI 

= .«(£] 

La = pin mil = /Jo n 2 4i : ^ Jf JU W ^^ f 2 

. ^jiji ju) ^^*iji .kJmjii ul j> d j jjyii jiii Jji* j* ( j oWJi ^i jjj*ji J* a t *v 

, K m i L^^i s_u^ 4^Ul <Jji*il jti JiCn Lu«u Jj-utLi* Ljliil ol2 wlii l*jL ^jM Jill <j^ li| 3 

J b j. j j AjU* J1*j ijU* jJ* ufyiw JljiUI jljf *!*« ijili 

; UW o*y I HJ5UI! Laju* ijJljJl J ^+v jLuil $ *till Jis ji* 
. ijfrll Ti „S*1I jiyll o^l y-y ^ *li»j *J &/R jUll 1 

j j\ j j tj^i l jj . iLbii ( lJ.j, j ) i^sti uy y^i *?t**4i ^ y u *lWf Us i ^311 cusi jij ui a 

, |jjj5 jit^l Oiiiil J**J BjjJfceJl 1 A 

^jL« jl j# fojyji w 

^a J l^y J**, iiL*. JL J Kjjfctl oLfcJI 

2 

. jj* ili>jj jj£ (A') tfUdl i|j _>au% jUJlj Jjia ^Io*_jj L ctitS IJ[j 

j» Pljiil i B j-aijaw JL»vi ^ pj^aJl I)*} j* iSUntl 

ulkll P- 



p^JI 



2;j ( 



(U1l> 






t^l yii ^^j . AV^ L^ Jj^J ji j^I /to jlJ A"™ UjIjL iu^ W?LiA* <jj^! olj 5jLw Qfi\ ^ ^ 1 

, »iUl ti* ^ lJjIsJ' ybJI JL jb 
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( jJjUbjjfSJl iiJI ) yjJyJUJI J*il< 



il.J, j u[J JL>jJ[ jJftj <Jji J* IjJjiJi V kjNiy B JmjU ja-jWJJU JUj Lfj iilsJj Jy> ? *JjL J*j* d^ Ijl 

cmf=/M 

. I ** jjitLuil B i v jju5j* fl.i*ZJ ^* jj^i JjLIj iiU: ^ B l I l v ^ J lj[ 2 

jjjlll jLjjJ! ij'jIjj 

V (i) =Vtf sin* j# 



^1^1 Jill J ^LiiJl jo; ja N p i (jjjiUII Jill ji diHI jj* j* A T * A* 



20-2 j aO-ljUJJI 

±^ji . 0.2 T <*Jj_j ..LI'.:. JL>j ji_i jjuLuj ouli ij-S' 20 cm l^j^ tJLaj ilLJI ,> tjjjl-d }j J OM| 1 

, SjJjiJI i>Lul J^> ,-wlJ?U*il y«iJl 

jLfy . 25 mT tfj^ ^-JjUa* Jl** Ji 240 cm 2 [+i*Lj i Jill I iLkLuj "okL-u jjill Jjjll y* idai c*^j 2 
(J ^ IJ} *>UI JlJ- ^Ulil u^J! Ju>jl , JL»JI tjti. ^ ff Sylj £«y UbSJl iiU jJ" jl* fP J^ 1 

ijjjJI b-Ld JU »1aII »)>4*JI ^IS) . 30 mT iixi> j^Jslli* JL** J 1^00 cm 2 l^j>Li 'oLa tj^ Sj/ o*^j 3 

LtJ^ ( i ) 25 cm £ l^»L*4 IvL-u oyj* i Jjr c J^> 5 x 10" 5 T Oiij ^j!)U ^^IWl JLxJI ^i yw*l 4 
Sjj*JI ^jLu jIp .(HI jyJ( ju 30° UjliEi ijjlj JL*Jl *msi L«j^ (y) t 5j/J< i>L^ ^ biXu Jl*Ji jj^ 

, ^jiJI J* »li.l Jj4*J' £* 90 s 1*jIj1p ^ ^ l*il* (*) J 
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■ 



{ ^mM^j^£)I oaJI ) jJjj&pJI J^JI 



2<M fjti 



. 0.6 T ■Ojj iLlu .11 '.i. JL>u Ljj lilm J iy j jlJl -J 6 cm x ft cm Lfi>L« . o*k** llituU* sjjje jjlUu 5 

. jjljjOI <L>L** J^> j«JjliAil jisyitl A»-jl . 3 jj>d *j 40" Ujljio 4j*Jj ua .jvdsLiil! JUJ( J?jjki* CwlSj 

, ,iA^ . di JaJ „*j. CJyjl *J i n 4Jii ikii* -—JjLuij JLajj , J rt Li jk$ Jjfj JiLjJl jj " ■; '"■■" Dili '"■* - A ] 6 ■ 

ijljjjJl j^_>J j(_ij LjLLFj ( /' }J» jljJjJ* JJjJ <jLS IJ[ i |>jJI J iJljS' ?Jl/Jl <*U« JH> j^atUutil ^^ffljill JU»jl 

, JL»JJ C)ly ( v ) j ii _ 4 LLiiil JL»JI m |1*Lm ( i ) 
ijjj iJJJI »-^ll iltlli J* I j ^iii* j5j . 4 A -Cii IjL: ( 60 cm 4J»Lj <il 600 ^ J**j j^l JJU J+*j 7 » 

^°K)J 60" (V) i W> <!)„#« Jill jp-j 
^l^ -JO, *jji jJJll JJj! JVi jLj ^ Uii£ . A ( ^ 1 ^ JLU ^j«UI 

! l Jj Jill 

20-4 j 20-3 jLmaJI 

^jj J* y,(j mT J ti ;> 4(J cm^ L >ijjaJii **ku *L»Ut i 5j*U lil ij^ Jilt ji L5 _utLul1 JL>iJl sii ^ 9 

, Ji' J U>jLJI il.J, jiwrjk Jjvji . 0.5 s 
jjjaJI J tl>l*II lilij.j] jljs-j! . 6 Wb/s Jj*v u^*l Uj- tji-&*4 5jj^ Ji^> jU' j**^ 1 j^ 10 
JL*JI jLS" 4jij*j 0-4 T 4JjJ j->jL> j— ijbiJM JL*j ^ SO t:m ^_Lij LiliJ ^<ui> *j jjjL« Jl. «-oj 11 
■LL__» jJill ^hl^ill di.J.j J_>J 0.2 3 ji— ai -j distil jj* jU 1 ' %_U>v« u , Ji' ^5jL^ .m IjjUju jjM^liiil 

. Bjllil tii J^i 

jb^l Jyjl *j , j£& ^^ ^L^i jUjJi L^jLJi Jjii+ ji Lkk-u 4.0 cm <ulj Jy»j Ui 20 o vy JJj jiu«j 
il.j. j Jj—ijL i*jl ( I ) 4.0 a ^i 0.5 T J] jL? ^ j-^UiJl JUJI f&jl ^ju*j Jajw jJ^I j^fcliill J 
ttfcji ^-J JLU I jJ J,J,j j.jjSu J+J jL*iJ[ ^jhall aLiJtj ^jL 131 (yj , jLJl j^b tUi! Jill ^j tt*idl 

* bLJI yjlia *M j-ic jj J i^LJl yjlfe tfj. 
jJlf *jj >xij . 0,2 S Ji y0" iLjj'jj uljj^' ^^i *i*N ^-0 cm **!«* ^* ^ 200 -u «jj* fl-L-i* Ji* *u» 

jJi* ji-«JI jLrf 'iyAi 90 1, J!^* JUl jlj Lij1*j . ^ J^ j-jLLuili ^jiuiJI jlS ijj^ ^j-JsLUt Jl^» ^ 

V j-ykliAll JLvJI jjJ ^ U . 0,4 mV y 4koJl iij.j l^ JUL Jbjlll J^l gli i ^^1 ■*» 

J^_» (J . u^j^U | w»J>U*ll JUJJ *jj!« Sjjjm ji^ di*»u 20 cm tjLsj " : i^:■ l:; - L, «J 400 Lj *Lwj JL ^cj 

'jbjIjAt i_4fJJ l^jLfcl^l Ijlj , 0.2 H Sjli i ^J^ j-*^LuUl JLfJf «J IjuUut flj^Kj jlyS LiiA>J lfrj«»J Jill 

* lPj^U ^Liill JL*j! jIj** y L*j , JJil j* 1 .44 mV kjjiil 

. 4 ffl/s LftjIJa* itj^j ^jby jljj oUjI ji ijjiJi dyiJ m . ^L* jiullj* ^jlw 0.8 cm LjaU JjJbj, Uiil 4jJ*-j 
rtgl lJWI J jijiil (w) ' : r-^jiJ* 5*ljl ij^£j *£J 5 x 10" fi T ^ uijSl JUJ Urt'j" "^V ^^ !i ! t ' ) 
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VI 



u 



14 



<^U^1iWI)4j>JI>iJl 



d 




x jJ tJj^ r ^-&j 100 t:m 2 20-5 p Jiill J iijll JJl Sj^s l»U, il* 16 i 

Usi ^jnfljj Dtqjul jabuj , JL» ijti> TJ J! hJ^ Wf^^J n ' J m j-™*^ 
'' LJLJI :jj *Lj| Jill i 4i>lJI J.j.jkjjl* wt L . 012 a J Lil^i 
Oj-jji I jl UO-5 ji j&JI J *±yl\ bj^i ^j 64 ^V UjIjw J.j. j £»3J 17 1 
oiLi' .0.16 B —» 90° LiJi Li! u ti j m ^uUJL jj ,p%« J*> ::>i 
jja L> (y) ! y-tfJsUill JLjdl jlii* jj Li ( 1 ) . 40 cm 11 l^yi\ b-L* 
V WJI Syijl yjfi J 180* JJil jj-jI Ijj :U£i*jii 
Jill i^jll Djjlill j> L . 0.3 T Oil j-^JsLlij Jlkj 4l>L *dJu| 12 cm jjLsi <U 400 o J J JL IS ■ 

, 6kV IvjvI sJill tj* j}'J* iivui 1 J.J.jkn^y jljJL) jLS Ijl jLaJl J ijjAil 6JJ> j> Ljji Jill Jib JLmJI^jjUj 

LjiI} Jill Jj,u—Li — ifi ilil JjjJl' ibui ■*',;"-; -jjILuu JL* J -' -1—1 1 /j "uj HO > ! j ?Juj J^lj JL Ul 19 ■ 

0— »J ji 0.7 mT Jl 0,Si i> i^jJillj j^jbUiil JL>Jl jljju j^j ljj*j . .j^LjjU! JL>mJI jyl> ju 40" Ujljii 
? Jill 41a uLL ji <•_*>' ifjj 4iLU JSI Jjkll ^a L, , JUL J- l^aIj: 90 mV U,Lii+ J.j, j $ 0.S B i;J 



n-8 r 'j&i 




jj 2.0 mT «JjJj I rE"r Jl_*JI a Li IjJJ . *ltt bj-u j-utLiill 
v-SDm/s jj ifeJ-JJ J.j.j ^ L { 1 ) ( dJj Ij> LjJ jAj^ , o^JI ukUl 

, LiLil ^i Lj (i_i) j SjjJl 



B ( -uidii jib jj } 



x 
X 
X 
X 



:< % 



K X X 






... ii.'i:^. ,j..Wm 



20-7 f JL± 



J L>j Tjl>j J>l J tv*-j^! JLj yjjjli tJi«aS Jji Jj*jj^ . yii . Jj 

il.j, j ji «^| . 20-7 f JiAJl ji ^ jj L^ B ^ j— LLii, 
Jj_l> L^ dy^i jsi\ ^jJl IPLi Ifjfi jj-wuji ;ji^ JUl J iS?aJll 

, emf =NBbv : v yi^iil t-u^sJl 



, j-JjM JUl Jj* 4a) liiO 4j ^^Ij Jl J 1 *3 JJj , U.b T U jfl^J Jl JiJj rJL uSiil JLJl k^^ l)J aLu 22 ■ 

^uUiJl ijj ^LiH ^ il*lUl d. j, j jijJ+ j-i U , 0.6 rm 2 ^jUl JIU ^j-1-11 *Lill iLLu oili ijls 

! 0.020 s J jUI Jj ijjftll W ^ ^_jjj( JUl JWl JUJI 
ij JL^i jj j-^tLiAil jtij L*jjtfj . (Lis-^j JU' 4_ijjbKJj i iil 240 4; JU J>b p*y jMwkLjii v^ J*^ ^ * 
iJaill UL^ i^iLi IjLj . Jill ^ ^u*jU3 0,40 V UjIja* <k.jic J.j.j oi* 0^ 8 0^ ^ jlil >jI 

, S —atliill JLJI jIjaj jjrjl t 3.0 cm 3 ^UiUli ^y^l 
jj 1^ JjJbI ^jHI JUIj , u ja ^Jjll Jill jiJ JLCj fc ^ 1 |jj Jiil >j J-si jlS 20-1 * Jiall ^ 24 f 
Jill ^ ^liill JM jL^ lij I *ij Jill ;J iS*LJI d.j.j ; |jb 'U , ( I ) JiiJi J^ffU 
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( ■jH' , "jjJ <TI ^1 ) utjj^l jUaiJl 



! d«b i>j jiil J ijj£ b jjyil JUL Loj i 4il A 7 ^ Jill I ja jL ill* i 0.040 TVs sjbk Jja*v yCy ^jUI 
Jl i 200 = K* .j* ^lJJI <W>^i! 'QJ^! liJyJ^- v^ J-*ji li| JW <y *j>i«il -iU.j j- 4 L-» (v) 

? L*Lj D^ ^jJjlJI Jill J>ki 

t iJ <L &* j£ JSJ 4i] 10* jJJl JUL oiSj . 1.5 A>s »jUi 6m^ J>\y> i^&JjjLJ jlil jU)l J,.I> B 25 ■ 
JUUH oLiJ jjJ UJ 10 1 U.U* iSj# JU oUJ oi^i d„ 2.0 cm 2 ^i J ^jhUI gUll l*U culS LJ# 

p jjitai jui yi 4i>xji fl.j,a jio**>» u . ^yji 

5I5J oij*S-JI *L11I b-Ujj . sJSJI dJj JU ytijf Jl L*i*j pi»j J£ij 0*iL* J^ tfJ*i»Jl t^ 1 j^ f jJ * 1jI 26 ■ 
^iB = 0.40 T ijljJu iS ^A,\Xu JL** ^ Jtiffl JBII j* 1-8 A ijUL ^ ^ L.ju*j . 5,0 cm* frilil 
ji jLill ^iiol IJ| JjjISJI ^ tt>i*il ^.j.JjULjA L ( 1 ) .. Ul 120 J# t$y»t i$yW Jill o^j ■ sJBI 
J ^ikU Uilftfl S3W j* Li (v) ? ° 050 B *j ia i>j j* j^ 1 J! -M oi * <> pL&tiL ^Mjll 

20-5 »MiiJI 

J JLJI Jill ll» jj ^^'^Uk jj* jk L 0.2 mH t 2.0 cm »jbdj 25 cm djfaj yllll ^ ^ JL itta* ^4 27 
Jill jJ 4l>o-JI J. j. j k^jjj j* U , U.4 e jj 2.0 A J| 0.4 A o* 4 mH ^Lm ^y JL j jLUI ^ 28 

¥ !>j)l Ij* *Lii 
ijLU jL» v j* L.JJJ 8 mH Ol*.j tt 400 W JJJ< ^W ^ & J* J^jU- ^Lull ^1 jIjL ^ L 29 

f 12mA 

ju*jj (l_j) ? jJ^i Jill 3JL>« jj> L ( I ) . 2[5 cm <J_jJjj 2.0 cm jjia J-sij iiJ S00 <b ^y JU L^J 30 

. 72 mV UjfJ*» ^J.j.j J! LiJ>f jS* jfljlll JLli ^ jlil jLpll 4 j^ ^ill iLdl 
Lk^JJl ji jjy JU yij-i-ll ^Ull i*U Jii j-jfclttil yftjill jjaJ Jja. ju^< 1 30 jij ULlI Jl lp% 31 

, 72mViJ.j.j UJ^Li jjJl 

vtmauv^n jui^ii*^id,j 1 j^ l *^ 40mH ^ i ^^L>« jl^jL^[>; Jji^yU 32 

, ^Jljill ^T^LIBJ^il ^jJI si«L3Jl oIj^j c,i cw,l 33 

f 3_yjliU jMjfl ojliJI j* U . ii*4j Lli-'J i*jli* olj* 24 V LfJji LjlU 16 Q 4li^lLj 40 mH 4iLhj JL j!sy 34 

l^ j-jVl jL^Jl ; 500 ^a ftjiijlJ ^jJl ojISJI tf£ s , 4iL^ JLj fJ UL ^ JljjJI J* 6 V L+Jji i^lk oLj 35 

f iiUJl LJ j* L , 360 mA 

J v tS f l jLill ( < ) Ji^ii . r L^ Jmj illjj 10 Q AitjLbj 15 mH -gJI>j JL ^1* cUo GO V d_jIj^ a+^ jjj jJ? 36 

J^u«j J\+J\ Jl^SI {->) » 2000 A/g ^ jWI >J Jja* a& Uji* jL«ll jl^ ( V ) , jUl ^ J^l Jj*IIj ^ 

jf^JI jjj j^-ji . t = U *WJI ^ M ji* jJj .9 V LjlLj 10 ^ p 5 Uu ^ Jjjlll Jt 30mH 4iLhj JL* J*j 37 
, ^jjf ^LUi ^jL*. ,>j jj- ^ (-*) j ^}JI isulSI J^ ojU 6*j ^ (v) J f = ° L.j^ ( i } hjW ^ 
j ^i c^Ull liJJ jj^- ±* (v) J ( = ° ^J^ ( I ) 37 (Jj iUUl J iiLsJI JL jj: ^1 jj* ju»-jI 38 

, j>Ij ^Lj &$ rfj* J« [-*) 
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( j*jjbL**jj4^" l -* > ^' ) JJj^J^ J»**l' 



j_^J .12 V LjjlLj 1 kfi ^IL ju Jljfll ^U 25 cm J^)j 4 cm ijti gLwj UJ 300 «u *jUm JU >j 38* 

. ^i*j (JjOjIj jj^j Juu (*_i) j l*lj jMj iSuti J*f ( I ) SjSIjJI j* jL£l jLl ( l 

20-7 ^1 

* 3 A LjJ jUI ^ ^ Ui*JJI ji* 50 mH EL*, JL ^ &j&ll ISM jlj** U 40 

Qi jl^ , 2 A SjIjju jUj W j-*i ' ^ 4<M) <_( jjjl JJI ^HAif Jl**ll J *jjs*ll iilW y->l 41 

. U JS ^ 0,4 mWb U^ 

_i jiUl j,\±h L J ELxJI JL Jbfu ji JUj&lS Utkll jljii L . 0.5 A Oj'jaj IjLt Ji^ 2 mH ajL** Jl* 42 

• 2a. jui t.jii. cuis ijj «y 

oiLi SjIj (v) * UWI ^i LijiiJI 3JLLII jUL L ( i ) , 3 A ojl jL IjLj3 Ja*3 24 mil Ujljiu j^JlS 4jL^ 43 ■ 

T *S y *fJl jj if j-^lLUl JL*JU *k*fii\ <*^l ^ Ui ^I^Jl ,> 3.0 cm^ ^ iijBu 3LII tit 
JjIjJu jU; j^ US*} . 24 cm 2 Jildl Qt ^1 JUl p*> il£ 4^ ^L ^ lJS J_p- J^iL ^ JM4 ■ 
^* »*»JI Sj*j J XU jli j* L ( I ) , 0,80 T bfr 4>^i ^Uil JL*J! jii ^Jjlll Jtll ^ 0.50A 
! jJjW JLUJ ^IJdl tfUJl ^ U {-*) r jJjJJI Jll jj i#*U «LLJI jiji* L ( V ) 1 j^fcliAil JL^Ji 
Uiitf iSUJ! Jli ^ SijlUl 3LUI jfii* U . 12V L jL lL « Jljil J* 20 mH UIm JUj 1U £1 f jUU Jjj 15 ■ 

20-8 will 

U . S.0 X Iff* T L^s uij^U j-Jjliiiil JL%JJ ^IjJI ^1 Jlji UUi ^ 25 m/s UjLi* ^ i^ ^J 46 

, 5.0 ^iT ^SU j-rfjfcbwll JL*J ifrtlji i£l\ u ^L; m^ jj 30 m/s LajIja* ^j^ fe *^*Li J^ 47 

. 1,2 m # ^ jiJij ii*^JJ ^i_^l ^ij+Jl J Z*U\ i).j (< s ^ 

f yip ^j% pjU, jjj Ji ^il\ JJ> Cw '^ i - il ^Aiit-ji* l* ■ 5,0 ^ 10 * T jJj^U ^1*11 JM 
ilJ *3p y 250 m/s UjIj^ i^uj vJj^ 1 *^ ^1 30 m Lj>U* ^^ £w "^^' >^" V-"" =jJ^ J^ ^ 
i * jj*U*JI jj> o*? H* 11 j j( s ^ U { I ) . 0.8 x 10 _i T jiJSil ^UUI JM ^1 Wjll ¥^ « 
f JL£j li^ ^ IJ|j f j^JI I « ^ iSnj > (-»■) t V JUAJI ^1 ^y^Ji i UL oji ^* Wl ji> ($1 M 

d JJ jkA ^ La t 1.5 m o^ ( Cm; SLUj 0.6 G ^ ^LWI JL*J Ji-i J lUjJl ^1 ^i^ 01(1.) 
f 4^J] jLU!l ^Je i^Jl (la J3LCJ ^ J* (y) V 40 m/s UjljJU U^ jj^ ft* ^ M ChW^SJl j^ «Jj$ 

... .-^H _^* j^jj , 6,0 x JO"' 1 T *iii ^j-uIjLaj JLkj j^-ii ^ IjJlt Jib 1 m *Jjl» ^^ lj-jj jiL-i El • 
J.j.j ^ Li . l.fi hi/h Uj(jL L>j— j djjUjJI *j Qi&t uj^I J^j Jl*Jl <M *j 60" bjljL <y!j? 









( j-jfcL«jj^J1 iwJI ) ^^i*JI j*i]| 



. d = 5 cm ij_^JI utfj* il5j , u = 3 m/s ^a 20-6 ^ Jiiil J ^jli iiyji L^ v a*j ^| kjjl \ ^\ 52 ■ 
ji *i*iJi il.j, j Afjf f f;j * jW ^ jl ^ jLy c^iJI ^j S = 10 (1 ^ ir -utUiH JL»JJ 4iUSl i^yij 
i>*ll jfjJb L (_*) T 1%1I *-t*UI ^ Lfj jUl jUiJi p Ui tf = a ft j* "dj^I 4^IL LailS Ij] ( V ) . }j^| ■ 

20-10 j 20-9 jU-ftli 
Oii l _ r ^lJAj JLjj ^_*j iuliJI ^ uf 120 ijfji* jjj^ 5.0 cm* l+L JS' <>L* & 300 & u&* JL j*jj S3 

. V= Vfj am wi ijyii\ Ji Jill ^i ■•■— .[i j^aJl ijtfl , 0.040 T 
if> ^-ailj Jill c?Ijjj j-j^ ^ L . V= 40 cos f 1000 f) e^bl* lj*> jj^y j^LAj JI*j jl ^± jjiL JL 54 

tt*L-JI ili.j. j ^Li J [}Lj , ^LuL JL** J 45rev/s 9jIjjL jj_* 100 cm 1 4i>Lij «il 150 *j JL j^ 55 

f ^Lill JM 1*3 jIjJuja Ua . 5.0 V ^ Jill ^ ^i 
_ LiiLUI J Li,UUl jj«j "fjjlp ii^J! ^ U 40 mT sjij** JL*j J 400 cm s tia-L**j UJ 300 o ji M JL ^a, 56 

* 2.0 V ijIjA* ^i j+* J^jyj JUl L^ jjJi jl t^ ^1 

L^jJl gwtf gp J 2400 rcv/m ijjl ^ ^J, jj*. Jj> ill 100 «g 20 on <*U JjL Ji^Ji ^ JU jjjj 67 

. ^ ^Llill Jl*J[ w JUl ji £U^ 4b. j jJ j*j! . 2 G <j5 ^ ^liAll JL*JI Liftl 
j-utLuLj JL»* jJ 120 rev/a b^j L JU 20 mu W cm wUij ^J 500 ^ jjimjl J^kUl Jill jj^ G8 ■ 
JiliJl SjJJ! ilf-1 LJUJJI LujJI ^j U (v) < * Jill yfi IbCUi iiJ . j.j5 j-all ^a L ( i ) . 0,8 T sjlji* 
r^jU i*^ jiJ (^) « ^ Uj i s ^ IjJUi ^ il.j. j ji Lijju^l Iji V f = (if/30) 3 ju* Jill y» tyjtStt 

f L^J IJ ^i Jl d rJr j Jrf« L.JJ* 
uj 4.0 A djIj_L fjL' ^i*^; «Uti d ijjJll iijJl jiJ Jj*J1 Jm,. Uju*j . S ft U J^>j jS JL i.)[u ilJ fi9 
Iji J^**j| <p^v ii ^151 jUJI la L. ( V ) ? J^*JL bUdi J,j, j jIja* U { I ) . 120 V 4j+» ^jji jjjji 

? ^fjjjJl .^ Jjw 

^Li U ^ ^L Jj^Jf J_^j J ji*j . 240 V ijljju J4VU ji« ^IjiL-L 20 U ^L. Ljli. Jjjm >y 60 
iljjJI J^> Uji* (v) j V> JjS r J_^JI jUj UjJ* { 1 ) JUl ^3 jUt jUl j^ji , 105 V ^ *jL*H &4J 

. if Uj* jr**! J| 
T 4£mll iU3 ,y EjUH ib. j ^ Li , 6 A ^ iLUI 3JUl y j^jdl J^xJf ^j _,Lll jL«J1 j!5 lij 61 
J_«Mj . J iij^ ^^1 jit jjjj Ujjjs 4 A j^j ty Jji jljy LjJj 12 A Lj J>*j oliL ^j jLH jUl ^j£j 62 ■ 

. JJUf -L,jLa* (j^j JJJ! ^ jjLaH J.j. j J4j.j| . 120 V Bjbio j^^ djA*Jl li* 
v_i Jt^l LsjLi) oJ !_S jJj L J_uLioJl *j_i ±jy l -iH J J i— ■ Jl j—*" ,<— ** ^ J **j J! 3 ^J 1, i^Li'^ill .LaI 63 ■ 
^-jIj ) LijLill jIjjj I ( f ) , jWI ^1 120 V 4J+* jj*w ^ 10 A ojijju lj.y3 o^^J 1-2 ^ olS^jJI 
'iy iJ 20 A^ jlfil *-*>-* $ J jIj-j >i *J IJI Jj*Jl jm JljiJl Jj LjJLw.*: y^-iyi [ tjjJl Ifljii* 
JJju Ujj* J_^*Jl Ij+J v£aJI ii.j. j ,y L. (v) - ( JJJ jjv ^j^ :| Dijl J'j 1 oT j*^ 1 <>J ) f Ji*-^ 1 
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( jML^iJuuj^il^ o>JI ) jjjA*JI JrftiJ! 



20-11 j^l 

N P IK cAiW 6w M j* I* ( I ) . 6 v J[ 120 V ^ jj^I jpJI Jy*i ^j|j jL^s. ^j ^j« Jj*j ^ 6-1 
JjIjkj jj] JJ ^ujiiJL *>Jl jj* ipJ! _j* U , L-& U*»JI jjjki JjajJI li* Jjj (*_>) * JjxJI IJ4J u-JL 

0^ iuJl jj> U{ 1 ) , 16,800V J 120V ^ jjjiH i^Ji J^ ^ <^JI ol&*| W J J^ J«^ 65 

jj Ls ( li^LjJi JUL LLu* 120 V ^l j 1^* Lijjkj JpJl J^j 151 (lj) \ Jj**U iV p /]& oUUl jjs 

, Lil 15.000 ^IjV* J^b oLSj , 2400 V Jl 36.000 V ^ jj/I ^1 ^iJLkj wjjj ik** J J^m ^ 66 

JJW. r JjLj]ljjtLi. 5M A jj jjiLSJl ijJll ^i jLjjJ( $15 Ij( (v) t JjjLHI Jill ^lil joe ^ L, [ 1 ) 

. SjjJJl J j*3 jl*-j* "i til j^utl ? ^lATfl 
u^>l , 90 V y&sji] i^l ^ Lj£b 15,0 A _ji ( ijjUl ^i jii ^ ^ ) Jli* J a. ji J>\^i\ U\ 67 

. 0,9 A ja *m wjj-^Ji jLJ' j ji LaJlf- ^ jJljJl j*p j^j>J 
L> ,> 4.0 A ijliu IjLy .-^ajj LU 720 ^li^l 4^ J^ Bl ftifJj . 360 A a^ 1^ *UI <J~ J*jCU 68 
jJti jjj^j ,jlj j^l ? j^EJI jiP *jliJI a^JI ^ L (l_i) ? jjlUJl ^a LiM j^ L ( I j . 240 V ji^ jjilJ 

.JjmJI^SjJI^ 

120 V u+* DjiiLi, JU#| *1U J-jy s ul 80 Jt j^Uflj 4iJ 200 Js U J^ jSl^f Jill ^ 69 1 
jjj jjj-j ajj jjlj^I . iL^ajJl m*i jj*-jI , oy^k °*^l ^V J^y 4* 0,25 A jfl ^JIjI/IH V jUill ylSj 

. J^*JI ^i ijjiil ji 

oU 5^j>IJ1xJ]|Jj1j,4A Djliu IjL: 2.0 cm )jU JjJj 25 cm <J *1>* «J 500 o J^J JL J**j TO ■ 

j^i ^uii jA^ji ^ v ^i jug] { i ) . jjjui jyj jj)i jtai > <j jis ^^ ^>ui jiii J>* ^ 

1,2 s djjj ^.j ji 10 A Jl .^JjlJI Jill J jLull j^ Uiie Jill J iLijill 2»£JI J. j,j JA ( v ) j Jltl 
jiJUyj 4 A Jill J 1 ^ ji^l Ifti .^ ^1 &>JJI ji i*J 400 v ^ Jii ji 20 mV btjl.iL J j. j i>u 71 ■ 

, ^IJuj^I Jill oliJ jt til J£ J5U j-Jsliill y«*Jl u-* 1 . 12A/s iLu Ji*ij 
jLjj y*t Jjjtfj . 4,0 cm 2 (ji juLJ( ^ukL l>Lui liJ 2400 It ^vj^>.% liJjJ* -^ )" J^.J^ ic^y ^ ^ *" 

w^*i ( I j . B = um T TH ^ ^yji jjji jwj ^ojUi Jl*JI ^1 ^yji JUi J& 4.0 A S ji^ 

11M jj U (yj , 0.2 b »jji i>j ^ jiaJI Jl jluJl jiiWI IJJ jJ^jUl JUl ji lL_ijil( il*iJl 4J, j.J 

f ^\ JJJJ ^li' 
, Xa - It +Ls 4JMaJu ^Uj L Uj**JJ iiilill iSbJi jl l^juI . JlyJI Jj. h hj Li ylSJbM J^" 73 ■■ 

_jJl jLwJl JAJU Jj^J ( j#ii\ |> JS ^ jjjiisOUll il. J. J gHi}U jJ iil*J1 Jilt yl£ JQ\ i^[Jl jj3 : AidJj 

<jl^i [ l JL jj Ji ^ «Ji 
; £jjJj . 1/ Lr - 1/ U 1- 1/ 1« ^^JL ^ tSjI^I J* C«Ldf U i £1 4JUJI ^ill &&I <5UJI ii aJ! 74 u 
, b^&ulS j^jLiSI f^j yi jJ£!l jLJI ^ jlj ^LL gi%j^l jLwlJl ubjill ^j5j ^ ^$i& upts s^ 



( ^Liijj^l ^J> ) uj^ 1 J^ 1 




20 8 f Jfrl 






U^ ji*m JiJ _p0 20-8 f iiill ^ jitail ^i>jJl v^l ^ 7S ■■ 
L«jk ^lJI J.j, j j-»y ( I ) . B - 2.5 TjM j<4>&» Ji** **!# 
y. Lrf , K - 25 ijjJI ^jU* cutf IjLi jyj . V* 20 m/a 41^ :j5j 

ii J '^Ul Vj^ &J* fl L*J' ^ ji#!l ,* J* (-=!■} * V j» J Ui ^ ] 
^^tfJl ^ i jJ^JJ jJsl tl^Jl ^J BjJjil dj3U( jIjL U ( j ) ? i*ti> 

Jj SjjH 4Jj J^d Jj ( j ) X j--tli*ii JU^l J>*j ^j ^' w 

. .. i-'iii LJL^I ip^JI J*jl 20-8 * Jlill ji Ls^ijH u^Ul ULj LdL ^ ■■ 
kjlAtj m = 36 g k-i^lll ill* Aki . jj*JJ1 (J*J JJ JKi>l i)ji J|3^ ^ 

jljJb uLS Ijji . 15 g LflBf j 4.(1 cm Lj^ u>j t £0 Q Ujl^ LitL 20- 2 r J&JI y M lyjll V° 77 ■■ 
iiWH W^ij j^* Sj^ ^L^l ^j— II J^jti * iltj lift lij» ji-sj 6i^ ! Oa 2.4 T j» ^W JM 
. ^LfUl tpij- Jj aUj jj 6j^ ^ &4 1 MjH J< ^ E ^' if J& 1 • ^' * "^y 
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AljiilljjdytJtfiJl 



:ia JjLf JjiuS J»aiJl I j-s J yjjj uij^j . UrfJaf A^i 
, ioUL*jj ouAji oUjUj dy> jJ Uti£ oLyil 







+++ 



Tt T 



' — 



++ 



ij>«itjUt>t^ 



wJj1» /yj^j lj**' ^1~1 



J^Li jLlI jLjlJl -.',:Tv ',: ^M Jij** .>' ij*- 1 ^! JJail jLuM jiljJ Jjiw iHp j| 
(jJuj jf>lj dlLi* ^ <Ji JjAJJ J- J. j jJ-J4 j5 a_jJJ«Jll cjIjjjuJJ SjjIjJI j-o'-ii 



uo-- 



R 



(21-1) 



jJ*j UoJi* .OjjJI *-* Lfj jLj^ti _j-^ jill SiijUl ^Ul JoaiJf ^ L-jj jaJ 
(j_,jil J i^>b dUa &1 Lii^j j3j . 4jL»j JJai j+>J1 jj-su .J-sjji jjJ' «ui 
til JjD JiJ UJUJj . »^ ijili L*jj*i JjiN LuLtfJJf M< J! ; l$l J* &1 Ji * 
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( jjjiil jLjJI jjIjj } 0)^i & wi J-" 



. .JLJI; *Uif .y j$ J*** 5 * £j-*^' jv^*j ^Wl 



:21-J JU 




Ih-ff^f 



:J J': i(,15H 



w 



M 









^ ju^I 4*jL ^ i*L> ^ SrfJ_j ^ tfiM 3^1 SjSWI j*b p J&h 

. jl^j Jail j?Uj j^ i^ U 4ij« J JJJj . C >jHj <W >^ ji3l jsai 

i eJjH JJW43T Jf . (v) J^l j5 U5 i^ -V«/B ^1 ty&* (*=0 M 

, g, = CVb hlpil J d&ll '&*£ «"* ^ 
jj Ul jUI ^Jl> 6* Jj*k Jill 3*M) v^^ 1 M 2I_1 ^' e^*K3 

uujij . jji jn-A4ji jj** j^» 4*^ is*n jjy ^' tf*-y - yy 



fW-i^ 



■;/fiC 



(21-2) 



jiijlt ojLJJI tf ^ J o-j ^'-^J <J ^ c v^JI u^^J ■ » s v * /B ^ 

,*juJL) ( - 2Tf: MP U! . lubil'l 4W ^ 1/e = 0,37 Jj iu« J ^ ; U^ ^ 

. ijidj , m ^^ (l/c 2 ) = 0-l3B JJ J^ 

Oi^ Uj^j . SjJIiH ,j-J jH j^ -^Lia ^15 UUs ^U^ ^ wilill J^j 
i^ LjLm p^J aJ JuSlI ^ ^^J( ul iLO ^ Dp i "^^ [ ^ J^ 1 
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{ jjjjII jUJI jiljj ) jjji-Jij jjUJI J^iJI 



w ui (-*■) 21-1 ji^jJL w\# *Lj* git aijji n. jusji ^ lia^iiyjj 

g(t) =^U-^' T 0-CV (1-^} fflW) 

. ( 20-fi LhW ) Ui** Jii J jl^JI ^Uj d>U £Um J^JUI lift $1 £>jb 
^S*ll jiijJI cqBI <u*L ^ili jjjJI ^ K*iJl tff j^Ji ^1 cu^JI v^ij 
liij j-tSl jjjii.1 US lj^ RC j|j*Ji itS U& . ^bJI uL jUjJ i«JL L/fl 
jl . LiLftj ii^ ^j-iJf IJu> Jljjl 0-^y k*^JL> J3£l< * ^Uj » ,J> Jjti 
i> j_>Ij eJy J_£ i-UuJ Lt£ljiil 4_b\UI ;> i^l ljILi C oi_li j^S'l luJl 

. uJiill j-jJ i« oliiuSJI >u ^ j ;.iu L ;i r ! JmLmII j±xJ u ^, 
i— ilkJ tiw wiSSJl ^Ui o5* ^ e^iU* u ^O* jils jj* j? AjUnt Jjsji Uju* 
jLjjII jLi ¥i j_» JLSSII ^ ^ Jt\£fl\ -h^jI JyJ UjfSsI li] , *jUXl J5U 
J — £-£Jl ^jJ iJyoil i^jJaJLj jAiv jj*, £yLdl jj j>Lj UjJjs Ji£il jj ,ij^r jill 
Uxi/I ^JLZj . ^>s±Jl jLu djL, yJu JiJal i>yj jLu J™ty . (y) 21-1 
JL&I j^jf j^>JI jl iLJj d&*! J» Jj-°£JI A fcl J** iii U^i Jiil 1 jl* 

: W) j tft) &^ 

q«) = g/ "^ (i)(21-4) 

V{t)-V e- itRC ^- l!RC (v) (21-4) 

. i>lj Juj ojJ J1l> Clxi jLiJl Lu» ipO fjL >Jri£li ^1 lit Jutii 

SSI— I ^jJo^y Jllf 
Jrfwj , 2U,000 V i*J jLLy if* j j JJ jwjLllJl 6Vf*l Jww ji ju&* o*Ai 

S liiT Ji£ll jJ ^u ^i JJ jLpJi sliJ,] iiu djtj ^ jiij «S .. 0= 10/iP jj 

T r; = WC = a0«£lJ(10 ; F.) = l0s 

i^i l <j = qn ?' I0 J { i ) 21-4 UjUll ~-^>y dij* t j-u^lf CJJ.LUI jLw! 
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( jjjjII jLHI jjijj ) jijjiiJIj jjLiJI JjiJl 



<^5 j-ftj O.yO V JO^ y>&- V ^Li (j+Jj i LjL>Sl l^a _jjj 5jj 4.5 x 10 5 



(SMS) oU^tlk^ jlj- ^ i jj^oll jluJI ^ 21-2 



Lj-uii aJjIII 1- Xf— *1\ L)*ij -ii-p- • jlj Ji i_ilil oli i'jJJI <lL*j^j :^0l »i* 
1 ( jU^ ^ ^ if? tfl j5:il Jj-j . UIM8 ji^Jl ji i>uil JJjiil J^J^ 
jj 60 Hz ^jU ^j_ij ) jl^Il ijU $1#jJI jj^ *i f i** . u - uo sin 2ttft 
jjLj *Ji*j tjji »)LL jJi^ j_j^>JI 6-a f_jjJI I J* j^K; Ujicj . ( djjJJI i^l/s^l 
dy U5j , i = ifl sin 2ji/£ js ijJjLhj Lu** 'j^ *' ' 21-2 J^' j* 6fc^ 

lij lH= j-IJ ^J TlLUl Jjj»iJ1 J Ckia&tLtfl _jU I j*JjJ s (>AV J&&U Lui JCi^ 

i 

J j V J\ ijJjiJl JjjjJl '^JjrK> J* &' jjiil J* Oj»i J^J . y*^ *■ _j**^ 



(or 
/ =0.707%, 



:21-2 J£i 

^_jy ivjin ji» ji iWH iijili j^jii 




5JIj iUtfj } i#*JI <Jldl il) 21-2 JSJJI UjJ i> ^ L*& . ^ ^ ui 

UiV - j'iK = 

CilL^kkJi i jf objikJl ^>*ui J ijjjlll i^UiJj JUaL^I j£*,| V %_y«JI Ij-i-'j 

jj jL*. yJu j*^_! L^Li ll^y jLil ^ Ljw; ji>^ ijjLkJI ji ^Jj . iljUul 

ijj JjJLJ*- jlii U^j Jj^ jJiB £-ilil j>jjJ ( >ljl j^ JL> J^l> jiji JJj 
i^j , j*^J( jUJ h j U^ill j jjtjLil jL£JL 4jj«ill »^l - 4<WI **»&! 
jjjlil ji^l LL^iJl ^i j_flil ij . oi^yJI J^i mUJU Orfjlll ^ JL&nl 

-eon- 



( jjjil jLill jjIjj ) ^aOlj ^ bJI >ifl 



l ULrfl ^Lu ji ^l^]l Ajil J£tt jS 1% J JjJ Jill gjjill piM-Jj 
«_j pIjaj* jj jjL^ jjji-Ll ; L^i lie Jtfj . &Ij l&y 0^" ' 2 l>^ ^p 



. ipL^i u^ Jp jtjjia 







, 11 II 


wn ■ !^»w^ 




iu.uD 


P^\H 


■■" innr 


















m 


■w-«l 





jL^ai pijj jj ijf*]ij ^^1 l^ j-i ^ "*i> ji ^-t> ^ bi ^ 

, jj oil lLuJI iJUJ V- 1 ^ G^ &H$ tlui ' i k* & 'j^ JJ ^' 
J ojjJl djjj , i? »jlill JI iji Ji^i-iii sin 2n# IjLu LJ &1 l>j>^ 

: yd I k.^ J* ol^Oil v^i j* ^^ ^J 
DjjAjik-^= 8i (sin 27F#) SB 
" JjJj . 0,50 y, ain'fl jliuSf *k-jsl1 fe^li o' &*$ l&J 

J ^ IV2 



l^j 2 (iin>e3,v = 1 ji (sin^) a , + feuft)n ■ 1 &Ji li*Jj . ftb 1 * W = few 1 * )» 6^ 



(Biu 3 0) = O.5D 



ft07 



( Jjyil jLJl >ljJ ) oj^lj JJL>JI JrfJI 



jl U » mi F = I?jR jjJLJi Jl$\ BjJJ jC l^I j*^ ^Wl jifl ^jl***J 
jJLj . 0.707 is y (%/V2) j* LjJ iiili* «J*-^ fjJ ^ !_S JJ' JJj^ 1 j 1 ^ 1 

■ ^ Li y*klij . V - Ug / V2 = 0,707 v n tf^L d>j V yji. J4_*JI 



: ^a V i#_%Jlj / jLiJI ji JU (iras) fj 



r-4 . v=-^ 



jLO iplj jj f jLill ^ ijiiJI ^ jiSJi ^ jj ^*i , f 4+J 21-2 j£sjl ^j 



Jh JOy* 



F> !$*-/'« 






kjUll j%j 21-3 



fJJ ^ j_s ipi ii ^i_i* ^ jVb .% jjjSII jUi ^i^j ^ijj $3i ^kL-; 

Uybj IjuJufJ JJjXH j+*JJ ; .U~ £. Jlj^l > ^5» 6j^ u' J* '■ jl#tfN ^ 
.ji O^Li ^iw . ( i ) 21-3 JiXJl ^ I^ILS" : l*ji** ^ (|^*u ik*-$ ijilj 

r t ' 

^^Luj jLJIj Jjjy ^!> t &J* 11 U^i 0*'J\ « jljJ^ jl*% if*JL j* ^ jl J 1 

1 U>* yj i j v on ^ 4?% ^' 1** ij* ^ ^ ^ J 'i *^ tf*^ 
jUj^ L& ojSL ipb .y jjaJIj jUI jl 6y jl ^*»j ■ <W J5 iU B jl 







(-) 




,L*JI UbJI ai* ^j . JjUl ^1 ^ V' ^ Pii J* r^ 1 ^ ^' ^ J 



-SOfl- 



( JJjJjl jlwll jjIjJ ) jjji*J*J JjWl j*fliJI 



pL-tfll y dp ui^j . ^IjUl )(^ P-mj ol.l w 3 y V j 1 i*> JV i jr dl 

, objlsll jJ *W -M jL^t A* J h^ &£^ 
( SjjuJI 4ls till ) Ji*Jl JjJI J ^ jiijJ 214 




,y J Jp Jj ,-( ! ) 21-4 J&J! ^ iui! **-JI yia <JU $1 ^yu 

U^ i> jUll jpy . 4u*ij i+JtJJ \^ ljj£l ^ j^ 1 ijLi iji.1 ijlfly 
*J fy g^fl! u-l Jl ^-^ il*i lJ*J i#rt ^+* ijU| ^ ^ j W 
^ jjjUl jL±3W fll _ L^i-pj jJj - j^iji jl ji \U Uijk) ■ r*R J| 1*1*. 

. ifi^jJI jOJW &~uj uJ&lt J^ JJ J^' -*+^' ;'/*""* 

vit)- VQ&m 2nfl 
JI& C $ ±*>} , . qitilC jlJJiL jj*I» J ill j»j ^ j+*J1 4-iJ ^ -ySjj 

■ i^< .n up u*| jiUj , ■ 1H | ... 

_ 1 '-f j]T-, ^W ^ & 1 ^ I* * £M)» ^ 3 P ljJl J J^ 1 J^ ^ J ^ & bj j' ij i! 
. ;jjj (1/4) jaij Ai^il jM* Jj*"j jjili b iioJl ys Jj« jt IJ* jl** i iiflall jLfj-r Jja* <^Lj U5b Jjiu 

. (u.) 21 4 J^JI jJ Lrf if j y ^>h ^ s ^ 1 ^ J^ 11 j 1 * 111 J^ ^ ^ 

, ^jjJb j^iJI iiW 

Jj, ^^*ij . i = ijJu cU^- . L^LJ JJ q J^J ^j^ >-ll JJ J-* j> 
Jj g J-i Lj^ U UL i^ j-ji Jl J«aj ^ i lllL ?^ f * «? to SAJI 

j|j ^JU Jfttl J% . ( W^l ) ^1 IjjJ ^^ ■* ^^' &ii fj J^' 

jL^I Jj_%i iiiiij . JljAJl 4j^I^ Jl il^Jl y***i J* ^ ^jJJ A iK 

■ 

e ^mj 3,jjjji ^wii |«ji of *&^ ^ J^^ j J^ ^ u ^b ■ V*r 

, (y) 21-4 JiiJt ^ ilji L y> } t ( fcijllj jij^JI 






0e^ 
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( jjjill jLuJI jiljj ) ^jjbdj jjLjJI J^tiJI 



. tiil liL»j Li" jjUl j3 ^u3ljij Lit iifc^Jlj jUil 
ijiji £i* Sjjj (1/4) ju^ Ljiu tjjAusllj ifj^fli'l Kii$ jj J^ i yjj i*j'jjl jij 

; LJWl Ufl! i^IlJI jl lit tfrjty , ( v j ) g ,> J£] ijbUll 

LiLi li^_ lj (coa.) iLu ullj lib ^i>Ju a (*j) 21-4 JS*UI ji j^il jJjOi'j 
uft) 3 us sin 2^ j i{t) ~ io cos 2^! 

: lfi\ tjtuJI <Jl<0b. Jtfll J! ii^ljJl LkJj! 

5jjU' = vi = V6 in sin ti$ cog 2^ 

Bin 20 =2 win 9cos 

i,j*fl= ™ in sin 47$ 
2 

jjjj Jwus Lijjjj* Lu* jJm JdUl Jl Ilfllj]* LjJi*iJi Sjjill ^1 li* jWj 
UUl ^ dUJj IjL* ijlili J* ILaljJI JjJJI iwjifl ij^[ m ^j , jj^ill i^*Ji 
Jjill jjvi *Jj jjjJl i_i^»j J!)L>j , <Lh*jj jjSj U jj^ LJL bfi *-**J! 
aj*jj iLiij.^ fjJj Jtt£U Lt[i JUI Bjj.il I i_Lw JlL> W l iilLJI «J>ljj .jjiiJj 
; JL. L« .jb vjiLjufl i*j^J' 0j% V*" j Jww J! ^^ (> ^j**' ^ 

JJ^ jU IjJlj ^ jUJl Jfi U&* ^ jSjj ^1 4iSJ l^LJU>J JuS,! jSIj 

t ll^- LiiiiJu JJjjJI jiS' IjlJ , 4^k jjiklS AfaJl My «■ J1S1I Jilii <ijM ji II* 
jiJW j— ^ ^ CLw dj*i rt-aJ-r Jiiil ,jlS C i#UI ^ 5i*lj ijj.J uji| jl^ 

JJ&JI ^^j di,j>j It^j Wj*e" -4^" $ *-^j^l iljjj^^ oj* Lj< , ^J^- 

: Jj5Jf ji (> wkUj . ijiljl J5li tjbtJ] ^> 

s^jLsj Ui>Jjl oUj.yJl JJi lju» Ij«J> jli* 3-1*1 ^1* J1£JI ^15 u| 

, Wijii oljj_jiJl 



jJ* 
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( JJj^l jU\ jjlij ) jijSwJIj ^JWI >i)l 



C J J| . jLuJI Lli3 ij±>u _i IjjJ LJJtll C <Lu3 (jl JjJJ jl Leyl Qjia^j 

■.i_ f ii j T. M M rl ^l 

jl »i_j 1 4j*iJl ^ I^j> yl t\ vq iJJa Ij+> jcu Jj» jjol ii*-i L.iljir; djjAII 

, JJil jiaj llrt . LsLaj iiaij >U* 

C culi lij 3j^ j Ojjjw C oiLS lij tj^S jL^I «5t«| ji* L Jii> S ; a*> jl 
4_J*Ull jl ) Jj*Jl JjJI ^Ikd^ ^viJl ^» «l*! J* Jjill )jJA* J] jUy 

: r3 i ^b jsu shUf ai4 jiftii ^ ^i ytj 

7=.Kc (21-5) 



JjLSjdU J*iiLaJl u',-> JUa^I Ju£ 0^*ij ■ fj' u>^ j^ ^ J** ^ J** 1 

y -2^ (216: 

UJJ.JL *jf 1H . .,Si ^jtZf oIj_>3 jl (21 5) DjUH ^ tvJIjJI j* *il J^j 
ijj-^j (F,) jljLiJij (Hz) jJji*-Ji 3j^j Jjjrv jj l^XJI iii Jl j-J 51 !tyi 
^1 Jjj^aII ^ C j f jJj j»» t Ac L^L Up IJjuu JIUJ jjbul jj'Jl J 

: |,j] ijjgj (21-5) *bUI &* jUl jjjill JljjJ ^ 4-^Jl ^3 

: 21»J.JLU 

Jl jaJL; *_yi* 21-4 Jiill J p#ll A^Ji jJJ- jtf J-i« j^JjJ &J q\ jg»J 

20 Hz ( 1 ) jj ^< jjjj j^ Ijj jLuU (rma) 4^^1,0 = 0.40 //F ^Kj 30 V 

. 2 x 10 H Ik (v) j 

LLuJi djjIjJJ Ajl-^^ j^jJJ frms) Iwi m ^ (rms) ^JaJji JmS : J!>j 

? 21-4 Ji^il ^ 
: Ac: j^iiJI jJI ^ W/ M 1 u! : W' 



-ftll 



( jjjill jLuJI jjIjj ) ^jjsuilj if jbOl Jjill 



- J W 1 



■Q- 



V) 



f«* 








vXc&*i^\U : Jlj- 


; Ci*Ji 


i*iSj a^-vJI :jjJ 0! : 4jL^I 


AC " 2«/C 




;fi%& 


■^1 >!,, illiUHjJaJl 


1 4.0* 10° , w „ 


2^/(4,0 x JO" 7 ?) 


f 






v yj| 


It: = 2,0x10* fl : 


/■=20HzjjjJ M 


& - 0.20 ii ; 


f= 2.x 10*3?^ UJLj 


:J*U 


^jLU rms mj ^j£ lis JLcj 




f s 20 Hz jjjiU L-JL 


? _ V 80 V 


4,0 mA 




f = 2 MHz jjjJ ^JL 


2 = ||X . 400 mA 
0.2 « 






M 



, j'ijuiJ rrriH 'luJ AtA>J J JJjlU pJxJj 1 jV i ; I Ji> ;'l; 3 
k -- 570 A i w = 5,7 mA i m -113V: Ll>V1 

( LWi &WJi ) Jd\ JjJI i tibtfltjilji 21-5 

( i ) 21-5 ^L&JI jJ O^JI Uy-^l i^ljJI <^L*j! SjJlJ J*L- JJ*0 (*&g 

: ,yjj! jj lux* lllai' 
i(lf) = ifi win 2^! 

jp if*JI $| (20-5) <JjUil &» J^j , ft) £ rHO iSUJI JL jtf i^l j*v 
: 4J%JL i * y ^ J£J ii>UI ididi 1*jJjj » <>j . HMite) y> ~4\*4 uiL> 






:21-S ££ 

yje fold ^jiiuLJl >jJI i^iiDU i^Stj iLii^L e((.) -i*ill J^j 6# ^W 1 «^U)I k*»>j ^ ^ ^ &' ("^ lij tJ^j 

-812- 



( jjjjii jLuJi jiijj ) uj^Jij ^i>J j j*w 




li-tt >L_uJ jJ 4jLJ| Jib jLfl] 






. 3jjJ (1/4) fuji jLlH if^l JjAi <JL*Jl si* ji 4JI -amj 

^_jj jjjlil jL|3]1 jj_si Jjjjii j**JI ijtiiii U(m (JL ^1* LtLhJI SjiUI ^ 

. 5jjj (1/4) 

. IJbJI JiL ^ JfUl o^Jl &fj * JjLL i jLj]1 fill 
■ji ct$ ^ 21-4 jl^I jj ^1 jiWl Jtildl jii fW»J*l £^J 

JL j OjiiJl oUll J c^l J^ 1 J 4f 4 ■ 5 i^ S" *^. *> l^ W 
sjJI »)* ojj>j (o) 21-5 JSJJI o-a*i IJI tiu ^j . (-2**) y *SW 

|jji j!j LtfL iuJ iJlj LHj ; L(Ai/if) jJ jUi ;» J^ ^Jlj <i>i*ll 

^ £j J&tfj , jLuil aLfcj'l *j jfErf iJJJl JJjjJI M *^^> &M& J'WI lj-tLjjj 

JjJi iy> JKt ( 4j3*JI ilcliig jl ) ^1 OjJL; jjU iiWl uili jj*ll jfll J^» 

■JLill jJ* (21-7) Uj^I J U5 * iLLJl U^Ji l£J5tii w ^ ^* ^j 
. (H) afrfy (Hz) jJj^Jl jv? 0* ^^J ^ ^ > 
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( jjj^l jL$l jjIjj ) ujjiuJlj JjbJI JjiJI 



jjjill jL>Ji jJIjj jjW olj^lill f 1^ Co>L (21-1) Jjj^p i j^j 
, Wj5ll jLiJI jiijJ yl C , R , I ^ JS aljjSb : 21-1 Jji^Jl 




JH« 



j&ii 



PJ 



Ull 



?=0 



P-0 



P«flfi ijjill jia i«jL 




:21-2JtU 

j^-» ^LSj , 15 mil 4JLy> ( i ) 21-B JJUJl j-J jdjJ' tfUJl JL J .J>j&\ 

jlH jLJl i>ji . 60 Hz ajjjjj 40 V^a jjjill j,UiJi ^Ui jl+* £uu Ui" jj-ali 

, 6.0 X 10 s Hz jjj331 &j& Um§ oLL^I jjfj , "dL>J( JL J 

JUL] jJ if^JJ (naas) u^j jUU (mm) -uji ^ Ja^J jjJi ■uAJl jj 'j ; Jlj-/ 

& = 2 jtfL Liu> , V = l X>. : Xi. J>1\ jjl Lf,\ : U$\ 

jp jjjl iji GO Hi wap jjJI ji*iU ^Jl^ riiiLLjij j*ji 
&-2?i(tiOHzHi5>ilO^H) = 5.6il 

■ 0.60 MHz jjj^U i^Jiy 
J& - 2 7r(a.60 x 206 Hz) (15 x i(r* H) - 5.7 x $ ii 

Djjjiill j'l^ rms ItJi 






r x 5.6 ii 



7,^to_L = 7iixi0 - 4A 
s.7xio 4 n 



OueTjII ol jjjjJI jut j^ji Jli^ jl^lJI iibJI wiJj jwy uJj5 Jl>7 



j^Jtj jLuJl jjj jjWI A^iU i 4*^*o LfiC jjtjj 21-6 
-844- 



( Jjjjil jl^jjl jjljj ) ujjAnJlj Jjl>il JvRflJt 



, . UWI jl^jjO $1 jyj 21-6 jiiil Uij>[ ^j jlyJI ^k LRC tyb, Jj* 

jjj ; jJ?Jl y^c jisJ ^1 j^ Li , ±^11 rms ^Sj jLjiil rms ^ ^ - J^ ^ 

, jylji J SjjaII jSJj i j o LLjJJi Mill 

lit JJL, ( 1 ) 21 7 J-iiJI, . i(t) = *j sin 2$ i 5j- J* ^J lis jiu-, 

21 7 JJ^JI ) i £* jjJaJI ^ J^ Ujj j"g ff je* Jt#*Nj ^LJI &i5li* j^ 
< ( (_*) 21-7 JiJI ) 3^J gy jliill y >bi (: c ft C j* i**Ji i.i V { (yj 

. ( ( j ) 21-7 J&J( ) Sjjj «j^ iij-u i^l i jl^Jl i$£ v L i, Ljji a«J! Li 
I jjjj t U«Sl« 3jbl &|j UfJ Vc * Vl oi W oUj-yJI tit 6* &>%i 
SjLmJI i_il* ^ Vi, J-^i JJj^ jL; jjl^iJ jl i>j#l , U+Jwj [j* ijb-jkj L^i 
i !JLj ^jL^w jty£— \ j u c jin-i jli . Vl - Vc fr\£ IJl* . Jtiil _^ Vc j 

ji^Jjj tbhly ji jyJ ljukj ! Vc + Vi y-*lj Ijia J^ dy 21-6 J&J1 
j^JI jj! fij |JJI ^j . W**Jl j+*JI jj^i Jrijiptft uj&\ jljiJi 
.L^iji jjLJ SU-i*1 Lj_1*_j3 JIj j^IJ rms wi jl *i\ t SjJLu *a^J JjJa*iJl 

uJ . f m.jjUi yi jmJ j* iiiw K ^j, i^j^ jjjji j oi-y, j^js ij] ^^jjji jjrjiaji **» ^ 

(1/4) ji^u j._jiu"i yi ■ '^•'■i V c j Vi 

4^1 1—, Ji*L,j , (>*jji m C^> j,«3 i^ jt ^ &0 1 jjijij tiitiil jili; 




v uL 



yw u Syij, 



j"jt>* 



^*R 



CO 



■■■J. 




I>W. ■ v n<;> 



VJ 



" S 



M 



:21-S JW 



i^Ljtf t)(] : ^f>Jl ix* J,!w J^} . IfrA jLuJl 
,ji Li^z>l ^J; jJJi jjb l^ljJI fci*j . ( i ) 21 8 Jilt! US v w & l±» 

, ( V ) 21-9 Jii'l y Li ^jU3i> % J ^ £> V M ■ J^ 11 =W £** 



RtC ij_J| j yi JrfJ mis mI J-*J 

. ( i^iffii ^] i^i*ii^ ^JL fJ i i^ ^lill tyffiil jl* >>: D;ii jIj*1I IJ+J j^l j^J^ -^^j 

: LRC ijilil 



aiD 



( Jjy\\ jLull jiljj ) jjjiJIj jjUJI J*jJI 



"o=^ 







(21-9) 
<JjWI ^ SjJfJl {jjL, ^1 Z ^ jiL du* 

Z-</F7uY,-^) 2 (21-10) 

USUI 21-9 J^JI jy* w , ^ Jj ^tffiLi iU^ L^ »H\ jt Z ^1^ 

, (21-10) itiUil ^ jiL U Z j tfj -& J , R ^ WjiJi 

ItfA V j 7 ^ J^iJ rms ^J ^ tJui 21-9 UjLJI jjtt j| ^1 £*, 

j-»Vl oiJu.% . ijfiUll ol^JI ^J 0.707 ^QJl J*U1J v> i J^L y,Uj 

C*t Jp lSj^ 1 ^ J^ j^LJI ttf ji G$ t ^ ji J c ^ S 0*> *lp i ^ 

cos*- | (21-11) 

U , </> l*jliu j.^ Ljjj, ( bjjL ) j^ Jf. f jLL, A^i ^ # > & ^15 |jj 

H? lijLu^j E ^j LjJi i.i>j ijjyi j jjjiJ) jij ^i ^ jy ^ pj, j| u, 

: ijJiJl .y jmJI l_,L**J 3jjL SLjJ, Jim ^) ^1 
IjMJM =/ 2 i?-|^ = Vrf|Wicoa(/3 (21-21) 

J-LJl j^j , jlklU LflnM juS ^ J j Vj (21 H) 3UJI d*£&*1 &** 

, iJljJ) IjJaII J*U« coa 
U* C j fl ^is tfp»$ spfjJi c^Li lij . flMH fojfr ^UL> LJj 
Jjjj fJ ^ . JTl - j L = £*j lii* l»<«,j i ( RC iJL 1^1 ^i j 

p-$ jj * IsJL^I iU jil! & i^i ^ y : Jl£. ^k IjifjJI _^ ^J lij U 
ul ■ ^5^ ujiw & J ^ li* $ ilUJl cj* ^ C = ji J^ii J LL**, 
j- * ^i| * ^J Jj£ll Sii Ji* ji ij> t C = « UIaII y^ Jil) jj^j ^ 
jUi-'Vl ^ c»>^ ^; = y[j U£*j . JbJL jl^l r L.i liile ^ ^ oU^Jl 



z=^rUx\ 



( i?L 5j5fj) 
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( jjpi j!^ jlljj ) OjAJIj tf jWL JtfiJI 







^U&j 80G a f} \L m Jl jSlI ^3* (V » 80.0 V, /= MOO II2) iji j*m J^v 

^ j-jiii jjuwJ^Ji Wj» (w) . Sjiwi ji yii jUi ("! > Jt%jl . 0.600 /if 4^ 

i|.i)f>»i>l u 2k^JV.L^i 

T J<ii)< j* <JLsil< EC tjh jI}Vte 3&M j> U : Jl]^ 

. Z = fit 2 ~+Xl ^> 1 V-/Z : Sjltgj 

* A7; <JjU» ^ U : Jl> 



/' =200011* 



I» = 



<- ; 2te/T: 



(21-6) 3JjUif ^ : U*)H 



&* 



I 



2jt(2000HzXO,GOOx10 Fl 



.C = 0.60xlO"«F j 

7 5 Z j Ac jjj-jLt j <LdJLJ4)lj JjO 1 
= 133Q 



Z = VfiJOO ii) 2 +(133 i1) a - mn 



/= Z = J^L =0 ,244A 
Z 828 II 



JjjiSvJI 
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oil! ijjwi jj Li : Jljw 



J 





{ Jjyil jUiJI jly ) yjjAJIj jjUJI >iJl 




t C j .flwjj* Effft*) -4-* 1 -*J*i ii^' Li ' J'jrt 




Vc = /At i VR-IR;'Kt\*t 


?jp < Jjj ,> l*liJi* J ^1 Xc j I Ml »U**J$ 1 imiLliJlj J*J1 


Vr = (0.244 A) (300 fi) = 73.2 V 


Ve e (0.244. A) (131 Q) -32.6 V 


uLLLJ* ^jl$_>JI <$ (Si) ij 80.0 V jit, jO^il ,»«* jjL* i Vr + Vc &l ]*>%) 


p li* j-J ySJj flO.fi V jjLjLu, Uilj ■j^lslv. &3*WJl U^y^* j[ . ^ J 


Ljj^ijhdJ^ j'^ ■ ■ L 


Hj i ( j») *jaJ' ^jiiiLj JV llLjI 


j BjJuUl ^ Jiitl lujli ^» t^J ii' ^jk ■ Jl^rf 


,/e AS : l*jliil jjIpj jWJ (rms) W JU ; LL>?1 


gjt ii.,jlK J jUiJl Ja^jJu i ■< u> til Jlj JJ*J1 


P = (0.244 A)* l300i~i) = 17.3 W 


: jti iijJiJI -Vjw ijLuaj *jjjj ^tr* ■■JuA' 


* **f •§&-«»> 


y, SjjlJl ^ jiiU Jj.J1 jjjjuJIj 


P = ZV cos £ - (0.244 A)(80,f) VK0.915) = 17.9 W 


; 21-4JLU 


djIaL jjj^ 50.0 V ajljL) j+^U (rms) ^ 2MI J^' j* J**JI j-»-" u' i>j$ 
( 1 ) j>ji . I - 1.00 mH j C = 10.0 pF . A' = 20.0 £2 ji ^1 J , 600 Hz 


. ja> ^k JS I < C i Rj^jJ^yJtiwji (-.jjijlNI 'JJttjtfft 


n '/■'■'■j v '"■■' 




f jLlJl UjLu ^ L» : Jljw 




/-i : :^i 




? SjSfjll caa j Z "uj j U : JIj~j 




: $ LRC lj\i) i^b : lfa!$ 


Z=^R 2 +(X L -X C } 2 




X^ltfl j X < : = 2xf€^ 
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( jjjiil jlull jiljj ) jjj^aIIj i^jWI JdiJI 



f jjjilli j^^ (rms) Mi cj^jU* ^* L» : JIjj 



Ic = 



, 26.5 n 



2jt(600 Hz)(10^F) 

Xi » 2* (600 Hz) (10 x lO^H) - 15.1 Q 

Jfc -Xi, = 11.4 : fl : 3» ^jIjaII &i* ^y jjillj 

: y lijUll o^j |J ^ 

Z = Vf20 n) a +(11.4 Si) H ■${£ 

23.0 D 

Vii-(2.17AJ(2Qfl) = 43.4 V 
K.' = (2.17M26.5Q) = B7.5V 
Vr. = (2,17 AXl&lQ}* 32.8 V 

a*^ L$_iJ jj* . LJi*l!l *j*JJ L«olL liJ-^j UiLi MiJ ^ ijiJl jjiJ nil! 

, jLip'il ji L+Isj jjiJI ^3 jjiJI 1>£ LJ* Lf>i 

¥ jMI »&j U+jI V u j i ,jjj jjkll Jjiy L ; iiyi 

tx-i jIaI*j jj ( ij& ) &-Z i ^Li jfc > Xi. a! Luj i $ = 23.6" : IJ^ 






JljiJl Ju: iUll iffC jjIjj j) jjL^Ji fcljH 21-7 

0,25 nF 

jSjiy . ^ oh tf '^ & d $ ' £•*!} a r o^ liA oi ^ ■ 21 - 10 

\+li f-L*Zi .J ji<y ijllill »j*l«dl oJ-ft Jai IJ* l* *ij)l J^J ■ **jl*l' j«*J - j* 1 * 
: ^k JjjJ iijWL UtiJI 21-10 UjUI $ R = c^ li| . jjiSI 

J J Ji ju JJjjy J4^ ',J-ia 

:31-10 JU LJUI LijUll ^ ( UM Lt&\ jJa .j^JI^I ^[jA ^1 U* ULUl-I Jj 

,Kl frO? f ?£ JJ ' ; it '>* IM ^ J itti ^ij . jlvJ j^ l*j ^j 

, 21-12 JiiljiLijfii 
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( jjjjli jLuJI jjIjj ) uj>W^ jjWI J-wJI 












J = 



/.- A . — A .-i I 

I ii If I 

til? "3 ^* ; Ul ^li Xl - Xc syS3 U 



Aif ^J JL^-'L 



;21-11 Jii 



Z=\X L -X C \ 





a,I 



1- 4: ,fi S !Q 12 14 
(kHz) 4»/3l 

^ j_j}j X;, jS J&. X*; = JdjJJI J* Jj*wJl - *iljJI ji - J+JI >j 

jju* ^jjU L^ 21- U JiLiJl jAJuj , JJyJl ijLj .■_, ^Ln Xc LL, jjjii 

WjaJI -juo Lj^j . 21-10 J-£Di j-3 6jjjjIjJI L j C ii JS) sy3JL> jjjKJi 

^ jUI uj$\ jj* -JJwj . SIUJ] ti»Jfji*jF& iijUil u!» f~ 4500 Hk 



U*j *4*j ^jll jlj X (; =-^ i 



2*fo I = 



W 



21-13 JiJ 

i^JUJl j—i JA jbill $ < 21 10 



f -i-i- 



(21-13) 



J — jlnjj AJt f ibuaA ) jiLU ^LL u^j 

dkj ^-jijuJl £b_& JLJ ^lj**1 tit 

^JUi .ji Jili yS Jj*^ itJll LJIjiJI 

L/f C Sj — itjJ LHiJ ^ ;> s J.rt J#4 
4 ii'uJjJ 1 fill 
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( jjj5ll jUJl jiljj ) oj^OIj jjWI jdi)l 



^ti *. 21-10 JftJI y tttjil ijJWl J jLJI >L J^ 21-12 JiiJI ^ 
ft?j JL^ ifyjft pm ^ Jij ^tfil L^lj W>rf t«ji 6jiJ U«*Ji ■ ji'jjll 

, 4jjIa1I JJIAJ JU Jji>j 

21-10 UjUII* L+j^La* ^J^ ( IfiC ijJb Jbs h*#jl\ d1* jj*i ^ ^ J 
$ L-%i !jj ^, . Z = R Jfc ^u ^VJl L**J X, j It yL oi>l\ & 
: jl jjj 4jipj f V = SjjJiJI i jiiiH ^yLr ^lj tow <p - 1 

. y^?^ *£> 4jjUj Lfj SjilJ CijIj* y lit LifC Ijjlj dLJ ^Jl JJjJ i* 
ji\ ij*j_j4 . Liul iiJj: jij_( ^wi Jjp 4*^1 LC !j)|jj) . ijjJjJI <Jl> JJ 

lui ^j jii ji ^1 , 21-13 jiaji ^ i*>*j^ jju u-M jiwijic 

H^Ail .sjtf Lil . !fj Jjt ^ki jOi bj^jVl ciil* U^j lju &jiJS jj ; yi ji 



/ 



i-U 

1 — nmp- 



E = 



f 



i/t-fi 
J n-(f 






B * 



i- 






!,; 



:21-13 JLI 

tJUl jjLJ t_ijiJl j jUljA yJSllt j* 



4=4 



8 = 

82] - 



w 




( jjjjII jLuJI jiljj ) jjjiiJIj (jjbJ! JaiJI 



^ jaiig . -iq 2 /c] jj£w jKiU lijSiii 4iiyi ^lj g^ ojsoi j-i* 



a 

Ijj^flj j_U L$_*k ijjf^.l ^_jL — i^J I ^j-S L^i*; LJi i*jJI ^LsH Js b-ipfcjTd 

.Jrfu" Uj^j . L^j L/jJl iijjjl S3'l> :ii." Jlillj o-j^j^Jl |> ^ jl $ . Jt$l 
. Li' »» lilL JJ Jj-»i ,*-») Sail? fci LjjJ L J5 jli ( IajLu ^ii Jl l*j$j1il 
jJ jUi jLl'l ijj Uki*i J^ J_J£l jmj Lj^ tfp tji'jJl jl ^Ldl W£ IjIj 
tJ_U jJ $1 "LijpM LiLj J* tJlUl r^dlj MjS jjjl jl J^j jl l)j£j ijjUl 
. J3JJ I u V 21 13 J££J< JJUyj . (IfW) UjljWj 4iUJi 
J| LfjdJj j-jIJJI Uf^ei jiij fjj i fUll jls i>J»j"ifl lJJjjj 1l ^ywJaJ 1 &*j 
Ji cuj*^! ja) (_>■) 21-13 j£iJl ji jjjJi ^til ^3 £l» ji-j ^i j] tf jji 
. Ljj^UI Ipljil jJ LJUi *-^ ^^1 ^j-jwj . iij>i ij* "^j j^l Up»U> 

l^i (i_jjj ijLfJJl -J jLuJI <JJi^y oiyi jj* ^m-j . fcWHj fciJ jLuJI J3jk 1 

JJikJl jLfc jJ *i>J-*j L ■>.!.% 3_b'J=lIJ JjLJ liLLu juJ *-#jf£II 3pl.Jl lj-[ 

Oi*uoji ^ jj^j . <5Wi ju ^ j^fj ji£ii ^ j>w ya ^ *^ji 

t L^t*)^! L)l> j-ii . LiLLJJ ^ij JLi* ^i JL L'uJj ^i^s- jw j' J] c^'Mi 

. 21-13 *JjWb jLi*^ jjJI ^^1 ^l 

1*^1 jl* ^j **ij UJ* i[> 1 I J* IfJLc ^b JitUJi >* J LlJj lia 
jJ UJ' L*5 , 1>wj-j^L jjUJI ^ju Jl JJjj ^)L*y. J -*Ai "^ v*^' ^y j* 
aj£ SjIjJI * tjjj » uj-fjil .13 1 jJ LC ojilJl i ^ lj* Ijjji" IjLj jl Uj*j 
, juiu x*. J[ Juttii. c^UxJl J 0J\ J^L ^ c'J p £j#j . ^jt*l Ujjjj 
jLlj^ jl ! _ s _a Lfa 1^ Ji*^ 4^_JI £(3 JjilJ £)i J^l J-^fl *-'jJ aS* ^*j 
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{ Jjjjtfl Jl$\ jjIjj ) ^jJSuJlj. jjUJI J^lfl 



:21-5J^ 

j L = 50.0 mH j R = 10,0 ft d^> JlpJl ^Js U-L tfiC s^fj _LjJ 

&\±}y j_i£ JjjIjJI jk .&ki 20.0 V me <OwJ j^a. JU* jtfj , C = 5.00 pF 

<" f^JjJI jjjJ j-is jLlil I'niH IbjJ j» L (^j) '■ |&J jjJj jjjj j^ L ( I ) . ullia 

. ^Jl JJjJ ^S HJ J^ Jjljej Jjjj i 4f L^ j 111 _jLl!U JjJilJl %ju m-^i (_>) 



D 



' (v) i 0) iJ**>*Ji i^JaLt JYjG^I 



£■ 



i 



2ff i/(50,0 x 10 H H 1(50.00x10 ™ F) 



= - 3.18 x 106 Hz 



^ jjji'l ij* jie jl^i! (rms) i*jj Ui 



3fc : > 



7 - 20,Q,y - ? nn a 



p/o ^Jl jj^: j^i 1% ±£[ jjjj jjjil yt [t : Jlj«( 
/= 1.01 (3.18x10 s Hz) ji f*LQ!fr;JM*?l 
*3ilJtl#B2 

? jjjill ta jjt* Jti j Ac w3 ^ U : Jljw 

i 



9.9xlCKri 



2r: (3.21x10" HzXG.OQxlO - " F) 
Xl - 2?r(3.21 x 105 Hz) (50.0 X 10"* H) = 1.01 x 10" Ji 

Ai-Xc- 2000 ft :U>Vl 
ViOl/ijJ^lilcujWljil : J!^ 



Z = V(.U)fi) S + 2000 ft) 2 - 2000 Q : 0L*?1 
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( Jjjill jl*jJ1 jiljj ) jj>a*)l} ^JL*J1 J^iJI 



i Jssi »* / = 1.0 J j& jji^jlJl' Jl£ jLllli ■hJlu Lj'iil <di£Ju U j^ y$ jU^ 

2000 11 

..i»i~«i . i^fjJl jJ* ihlffc^l Ui 6* IftSOSj* « 2.5 x 10" s / / l J* ^ 
US' * LU'I j-jjIjJI JU&J 8j#*l ji i^Ul sia JL jbJi ^Jl olj jjijJI 



| 






; ic Oil Aijw J lA{ J-aL'l lift O^jI jJj j"j|l 
1 ,1j_fr'| jjjj jLujI Lij-J. ^_. j*i-J< jUJl JjLaj ^J JJjLJl jLijt (yj , fl£ Ju'Jl Ou^Jl ( i ) Jj-J ji 1 

v LJjUli ( j ) i jjJwJI ( UfUil ) jjJi (-j) . ^s^-Jl ( iHill } jJI ( J ) i (rms) ^j iJWJi ^l (_*) 

■ W 'p J o*y ( £ ) ■ »>#! J*^ ( j ) 
. iU^L iLjIj BjSfjU ji*]I| cijlill Jyj ji . A^mJIj ft*3ll 4$ AC SjSIj J Ii*^Jtj jUl iL*i. pijj J 2 
(rms) LwJk^y J 1 . (rms) j ikjtlllj j^aJI M*J* M^ Utf* uiiJJjill j^ 31 j' -4^ W^ j**^ f-*> it 1 ^ 

JjjJu jLw]< iJ^UJ Lyl^ oU1>a* ^jj (Sjj , pjIa* jjl* &&* JJjii 0^» ji* ji*^ ^il pi £jjjli !j>o jiJJ 6' 4 
ijij . jLdl JJji-c ijiS jJ-^ J-fll; yi>u JU it^iify AJL^JI jjij ; 1 JjJl 0^ ^5UJl u^LaL - LLkiJ _ pay jl 8 

, Jl^l Jt. iLt* IM jiljj ^u: ^u J5U ^J^j V*IZ Si^*JI ^j*U ji 9 
. ^Jf jj^ jl* J^trf Usi j^ u'j ■ £C 5jjU y^g jj^ i*_p ijll -ii V = I'Z "&%d\ i^^UJ jl 10 



T jUJl ^ jL+J- 0* ijj ijji* >^uJ^ *la»Li^ ol-UJU fiUII ^U3 J** ?10SQ Jf^ !^l ^ 4j>j13* 
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( jjjill jUjJ! jjljj ) jjjfiuJIj JJW JdwJl 



l$>'iJu jSJj ~*Mjrf£}\ ilyaHl 'Juujij [ 60 FT?: & J&j Jji ) jjjlH i^iiilt .Lp- liL*i ^i"j^i ^ J pv^ 2 

. (jjlLuj jl IjA d>JA» J <_V*J' rjir\ . A+*i' ^ J*< 
J3jj 1 rJStU 'iuJ i 31 (Lull fji .An lU&t JJjlW JiU jl jildJ iUj ^jJ Xtf- t\i>Jr#\ y*£l tllll uhj )l iJA if* J I jl 3 

I LSLmJJ ?jtu:i j^JJfll (jj L !i IC SjJIj L&3j ( Jj^j ) ^L jk *il, lLi J }I)S*I &i J&N W j» L 4 
. Lfljj JjLuI' 4^-jl vi L> . LC 3j5U ^wJJv j^jJIj Jjijj Jijb a* }ip ii*5u ^wliJl ^jJl jjjj u ^jL to Oj 1 * & 

. rj j| J 100 Hz Jj 0.01 ^ daw v^tti! 4^11 

? . £&1\ J* &w ij* dtf u! - j^ 1 it* « j^LJi ji laau Ji^l Js "tU* IRC Jjifa J^ jLtfi ^ ^ V 

LJyll Ljjbjf^Jl sV^-»^l $ j-e rt^*^ *— *i^ 4*-iiJI jj^j rj-fl A ' ^JjiJI JjIj^JI J?a>J j pJ/*^ IX* ^U 8 

^ Uait ill* ji# <ju ^ (> ^ ^a f-j*«* y^ uiyWfl si* **^ j^j ■ *N* il f M i±s,; J ^ 

L»wJi wJU .Lil JJi . wl^JI -Ldd>j ji JjJj iip JLsOl MS. ibj^iiU 

oLii^JI *J_* J_jL*f IjJUisf i' iivijy ii^W lt** ^^ '- l ^ t i ' ■ J - **i-"' 

_,Ljjjt >j lii jbjj jl^ji oflj no v j* jLlji j>ui jUi Jj ^l^ 1 

f Lfjjub (^Ljj ijjii !j4> J I ilaJ>JI J LkiJI J* y , 1 uijilj 



JilJI 



^Jl 



f- 



1^1 



■w 



J1UI 



^(5^ 



& 



I-, I 



2H f JU 



AfjjJl jJj^J jie JiJ*^ l+JU ^LiJl jjjill j^l oLJ I+J1 ^ jji 

. ij)llll lh&y\ \$iy 



I, J. 

; >U<jLjI ij-U*_» Olifjiw 

Irms) obujll iawiw jOJ jj? 

jdli ^ (V j J ) (ring) ^* (m j ifl ) L^y* _^ Af* jl J# "^ to 3^ 



I*-* 



4R. 



V2 



^H* 



Lt ^ Sjl j» J] J^" jiH J ji^ll ip- bijjji ^aJl BjjJll uL> ^ j>jJ jit ^ rata ^ oj 1 
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( jjjxil jL^JI jiljj ) ujj,**jj|j ^jbJl y U«JI 



V,=(V2)J= 1,414 7 , u„=(a/2)V= 1,414 V 

. iSyUl jj,'J\ t^Bll **• T c = KG j ty = CVc iw* 
jj/ll jLuJS jiljj ji 4^>Jlj jUi)l ^ jjUl oii^u 

■ j^ 1 j* Oi 2 *^ C-'V'* 31 ^ 1 ± * J ^ , j j^ 1 uj>^ **•* *U)& &/^ 
. ijjj 1/4 jIjIij -if^Of J* .-L^U 1 jLu]l liilu <Ltb <bui bjjlj 

( olUUll ) jjJjJI : jjjili jLlfl jjIjj ^j V j / £g li^UJl 
. ( »ji ijjQ } V-IR Amj <Ujlu djjIj 

( LuuJ ikUil ) j«*Jl jJI js X„ - — - — cju* 

, *j"i'l ^ Jli, j Jit j Ji > J5 sji>j 1 
. v^j* ' if O 1 j L iJj jjjjJl ,> J£ J* A'i ■ 1 Xi, j jjyi ±olC Liu . jjjJI J« iijUul ^Itj" "i 2 

'ji LilJJI ^u*_. a_ja, fnifl uj J*Hj uLj^ '^'-^"J' i^lii»j oLii£al r iL_Jij .i^aIIj jLull jjj ,*«' uj^' ^^ 

JJ> jLjj l^jjiy JjjjJI Jb iJUill LRC tjih J I jV ^j 4J^Jl 

V = IZ 

IZ = ^R 2 + {X l -X c ) i d^ 
, oL^ill Ajj> iiyJ*; -LijUll J! L*fi& 
, Z-^R 2 +X 2 L ufi} Xc=$o& XL ijtlj ji 2 




, Z^^+Xl (rffy Xl - &J fi EC yij J 3 
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( jjjAl jUJI jiljj ) ,yjik*J1j jj UJI Jriwll 



cos = I jl = cos il 

, jia jjUl fytj, jUI p O^ JwJJl ^1 5jj & > & uLS ES| 1 
, tJA jikl I iyj^ jUjJi j^ Ji^Jjl j^J| ^Ls AY > # c ^15 |jj 2 

/jj = 



2s i/£C 

. (<£ = Q) ^j ^ ^ jUij ^1 ^^ 7 = y/JJ ( ^JLs i^li, yij cCiS jJ [6 ^ il* LflC ijlj J«5 1 

jjjill jLuJl jjljj i Bjjill 
: y ijyj jLy Sjilj Jj ILelJl OjJiJl L-^j jjji* jLy IjJtoJ SjJaJI jy-i cos $ JjJil ,Jt ^ jjjjjjl Jftw 

p inj )=pr 

UluM 

21-1 ^i)l 

* 0.50 /iF 4lw JK, ^ jU Ji 4L0U ^\J\ f j|ili ijjj >ki pis 4.0 s 3* #G IpUl jjjjl o^l #S <i| 1 

Opi 3,0 |f F 4Jyw J&* |>^ lijip LJbSl O^i 1/3 lidJ Jl Isjl^i ^ 6^J! jifi tijZLsi j Ml .ujjjN ; IjL L 2 

f 9,0 V LjJji LjLL U^Ijj 1(1 MQ sjljt* *jtk J)U 
I . ^ULj 12 V irjLLj 6.0 Mil djIjL f *LUj 4.0 u F €^ ^^ j* J&* >> JljSJl ^ *1*« 5j5U ^ 3 

1 c 

■' ^L* j^J ^^ Jdf ^ M } ^ Ir 1 ^* r 1 ^' J*s ^aj ( I ) . LjiSil J? jl\ usviJIj 3jj(jJ| ,j Jl\ jl^tll jJJuu 
jliiJl jL&i U , 50 Mii <uy3 *j'aij T b*jj 3 V &J j^ JJ ^^xii 6,0 ^ F 4i«^ Jii ^ Jljil J* ii ijllj jiin 4 

. r |jiN Jle i*j 4>lj jjitj Liuli jj^ j» (uj) jj* Jjl vLXI jlfi J*c ( I ) , JSill jt j£ Jf>Jl jjij S^ljjl ^ jiil 
^Uj , uli „Li(j 5,0 /i F 4j*-j J-ii(j 4 Mii jljS* ^ILjj 9.0 V LjUsj .y, Jljill JLc iLaL, 5jSIj jj& 5 » 
i^v-vu cj J ^m ^i (y) ■ ij_i'jJU . ^-uJ' cuLili j_» W { J ) , ?-lliII Jiil v . ^u ^ hjjJt J jiiil 
f (v) D^Jull ^3 vJh-*4]I ^tjll ^ J311I jj Jj-S- jlll 4ixi)l jIA U (-*) V (2/3) ^IJJ JJ >^ jj> JuSlI 

? fljiiJI aJua L.hL> i_ilill Jl ^^u jj]* Luyl jUlU l^ila ^s Li ( j ) 
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( jjjil jbJI jiljj } ^ JiJIj jjlaJI Jjill 






Cu^v lJ LJSj j— >.! ■ kj . (j2 ait L,_'j OJJ^ij JjjuJ uulu JjAj ^u Luj ■**■ -■ f -ui'jli , jLiiii iijij iijl .jjJjl 6 * 

Lsjle uLiill ^J* Utxill _j Li (_*) f 0.8 h ^ ao LjU LJiiH ^ ApJl jji _ji U (^) t SjJIjJJ .j*j)I 
V 0.8 e Sj^ y Ja»* Jy* jj— j jiflj i l^jii jlji'l iw«j ja l* ( j ) * 9.0 V _ja o^ ji^JI jji ^ 

? -bill JliiJ J*, 
. -jSli *t% GO V yiyj H.n MO pU *j JljSlI ^ 6 ^j^l Js. 6.0 /j F j 3.0 p F U*b*-, jL&j Jrfj 8 ■ 
jijJu L* y*} Q . ±>i) juj uju& ±pu 6.0 fi F <J$£1\ jj i^; jji jj L (y) ? BjjijJJ j^^Ji. iuliJl ^* U ( ? ) 

IS SjJiJl ti» JMi 3.0 u F Jilil JJ oLsj ^1 k*JJl 
21-3 j 21-2 u^l 

,-LlaII jjJ j^_»Jl jj jt L_[l jljij ji^M5*j IjSj 0,4 A '\yi jrAjI* SjUJ r jwu .xj J\y)\ J* jjjil* jLjilJ jijj J^j 9 

jjs Uj . jLf^'l J^j- jit jtj&J -ell jfl U . 1G fl 4LjIaj j^L|j^5 jl^ if 110 V J rms i»j a+* j i JjL 10 

? J rms I*J 

U^ajU 1 «j J^uj jj uj jLu jIluJjj !L 'yj 0,72 A tb j j till (lujf jlul ]t| 3 Cijij ^j>jsijlj ■JLuoj J":o- iLp jU 11 
jjl 5jjuUl jliL U * ; LUail j-maJ* j+->il jj-ij { j44^l ) -AiSl jLaJi j»' U ( I ) . 120 V^ jjljjll J* 

? II. ~.li mi, ^ L, v ii^Jl L ^ l ^ 
rms 4-^j (j() Ik ojJjJ ojjJ j.j_^w LfJ^jjJ jif €0 W L^U^ <kwjM JjjJ ullfwJ hU>\ -d^u itjli* j j 12 

v MOV jiajf*] 

4-a t-4— > Aijjll jlJJJ S-.Ji ii> > 110 V i^+ .& ; _L*Ii 300 W LjjjJJ jji Lm*j "U>uj jil| j'jj.' j'JJU j 13 
S jiiiJ h J^i lUljjn ^jlj*» ^* ijiy U jJiSSl U ! JjLuJl Ji*iiJI »UJ) j^Jl 4-aj*j 4jiUu L) V 110 VlTOE 

. jjjli 110 VrniH j« jyu j±a* ju o3lj(H ( if DO \¥ Lpjjj SL-suj 120 W L^u. Ji* jjjS ii-Ljl IiLuij oL>j 14 ■ 

, o^j-sJI jj Ji lijliij j.IljJJ rms ui i»ji 
* mIIII j^i jLlfl Ujau ^1 ijJJLlI jlji* U , i = win 240 tA ii%JL 40 O »lL, Jgii. jll| yjl ^r IS ■ 
.if^-H una Lus (w) t jiall jjjJ ( [ ) is-jl y = 120 siii 311 IV ^^WLf fa jjny ll^- ^ivy if^D jAa* 16 ■ 

. ( s(l/15) S ik^l Ali J^J' («jj.) j Tj jiJl J^ 

jliij Lj * 60 H UjIjIi ^yiu 16 *3j uUll ji jj^jil jiiall J^jj jJ* jUjJJ rms ^j j^s«ll W ^ U 17 ■ 

t lyUlf ji ijjJl ijjill j\SU U . 25 fl ^Si, jj t - 60 coa 300 iV Cjjj i^ jJ? 18 ■ 
. (t a.O 4l* e =0 jjld ) ? i^li jjjj ja U f ■ 0.004 s :m* jbj^j u ■ 0,^ yu jj_^ j^ j1^ J r^ 1 ■*** .*^ i9 ■ 

■ ■ * 

^J (u) . i^Jl jAa* jj yjj^Jl jLijJi i>ji ( ' ) . 30 i'2 j»jU* j*i jjjill jlull 1 10 V j 60 Hz jj^ Jjj 20 ■ 

, HU J^ ^ SjjjII jjjtJl ,IA U (-*) . fiOOO Hn jjjSli ^ IJ| ^^^>JI 
yt U , J>-^JI W!l j> 4^111^72 JJ ^^jt-CiMinxjfljl-Jl ^ LjlLSylj ^ijllljLjJl li-I^iU 

( ( = jj>; j = jjwil ) ^ jj*«ll jjjj 
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( JJ^I jLJ! jl \)1 ) ijji*J'j J-lWI Jjifl 



21-4 pill! 

^ v jpL, B^ J^ 110 V, 60 Hz j,i-« Cm 4.0 ji F 4Ll- JJii V>^ ^ j'^J rms L*i ^ L. 22 

110 V, 60,000 Hz &T uLal L-JL cdfLaJl 

? f j ^ lis 

j^i f jArfll £m ->»—il jlpjiB rms U^ jU* U , 60 V , 240 Hz j*« ^ i^L, 3,0 /i F J& J—j 23 

. 0.4 MHz sjjjj j*T»^i*l l^LLjJI 
jjy jjJu lil JJ£JJ tfj«JI jjJI *■ L, 120 Ha jjjtil jjjJ ^ Ui£ 40 U IjSIj J Ji£l ii>*Jl JjJI £# 24 

Y 10,000 Hz j] jieil 

L^ _* U . ij^Us 2,8 /j F &*-, Jiiu 90 Hz bjjjJj 42 V *J rms i+J 1J^» /jj JJjill jUU j^ _kj 25 

? j.m41 6* uBSM J[ J-V 1 j^ ntl3 
L . S Jl#* k-^ 1 ^>f^ *-&* 170 V i^ ^UJi ±+*]} lS^I UiSJk 60 Hz &jjj3 MjSH j^J j^ J*j 26 1 

S 0.72 A *J rms i*J _,L: i-i*« jj j JJJ jjJ! J&ll i*w jj 

ii^ rms ixji jjjSil jLJJ j-wuu J^ 5.0 pF aw »JS& Jb lSj^' V ,j ^ °- 4 A id rma *** J^ J* 27 ' 

?jW1a>j?j*U . 40V 

l^v^ jjs bjiUJ u^i <j£i ^ u ( i ) . nn v, ho Hz Sj-uiJ j^ v^ 8 ' d ^ f a« jii j** 28 ■ 
r jtfl ji* dH 1 &•"*" j* ^ &*) r Jj ^ 1 j* j Q( ^ ms '*** u M • ^ 

i 10 f i ) sjbi* JiUu j-jj* i,^ tjj* ^ j^l jj^ ^Sj Li* JJi jj jlil jUsJJ V^ 1 ^ j^ 1 J-t*- j L- 29 ■ 

. LLL> Ja jxA\ n* jIjL Jj ijilJJ 4jjIai JU* ^uJ til jf&l f 10,000 (_*) j s 100 (v) 
^j, L, . 50 Hz »d^j 240 V da^ rms ^ jjjjII jUJJ ;,** ^ JljUl ^ 6.0 ^ F j 2,0 ;i F ^ >j 30 ■ 

600 kHz (y) i 00 Hz ( i ) frjIA jj^ oi* 4,0 mil *l5Uj JJi ^1 j^JI ^ji 31 
jjjt u Uj ? 4jJU* k£ tf Uf , 1200 Hn jj^f j^ Uitf 3!i £J jj 4jL*m Jll Lf ±a-Jl JjJS 6^ ji ^ 13' 32 

* 6.0 Hz jii J ji*il 

, 150^ rad/s j.lm1J jj^I jj_^II jji Ujjt 60 ft *jljit ji> jj *J Jl« "^Lh* y^l K 
_aSl jjJ^ 0> ijjUsli ^L*J1 4*J j* L 50 V POf>J rms i*J> 30 Hz ujjj ijJ jiA^. ^1*4 lJI* J^j 34 

(rms) L^i ^L£ IjJ JLUl LJUj v— *' ( E ) . 110 V j» raw *** Ijii i^» 5j5ij ^> C* J«Jl i3^ Jff ss 

V JU^I l*jW* J^ J[ jUiJ rms i*^ ^4 jiJl jj^I j» i* (M) - m Hz jjj^j H A ^ ^ 

^^Jl UJi ^^ ^ 0.8 A (rms) iu* jL: ^i 30 mH Jilt *3 1** Jl* j#* ij4.I#* jj> ar j-^ 1 J^j Sfi ' 

5.0 V g! jj US 'iLS j^i JJfej d>* i^J *jp(l ^ D! (v) f ji-H JJj= y '* { ; ) . 9 v ^ & 

f. JJi J ,ULl jLlU rma u^ jjiJ ^J 

&0 Hz >WjJ ;J-*^ J^l ^ >j 0.! j^ j^l ^ f* = 60 Hs 'J^ *j? "4i* WQ U Jll ^i>J! Jj!l ^ 3^ ■ 

Y220VmflAf*Jl|5jij 



S2ft- 






( jjjjii jUJi _»iijj ) ojAJ'j ^ jUJI J^ 1 






BjL** IjLjJ Ja^u Jill JjJhJ 1 jjl Ag «f , 12 J]]H lajlitJ 1 ' u^ SSlxi iJI* gUf Jp'j* JJjill iptil ^lu J-uj 3fi ■ 

? aOOklfo (y) j BQkHi ( i ) 3» jj^I $ llj j*i 1.80 A 

4*ji 60 Hz wjjjj 80 V ^j. j^aJ rniK Lj Wjitl jLllJ J^j 30 ,ii F J^* m JljUl Js. 40 fl .jk j^j 39 

. ^yJftsJJl j^vllj jl^ill j^ Jj? yi ^jjj y>) t jiSli ^ j^>Jl jj» (y) t SjiljJI ^ j)Ul jl^JJ rms <*ii ( i ) 
SjjiJIj yyi ^i jUl jl-sll A*.i . 30 V - 120 Hz ijjiJJ jj^, ^ jljJl j£ 400 ^'i*. 4.0 u F JiS, J^j 40 

IjjlX rms L*J t-julc j^_5J jj_H Wjill ** U , jljjJJ jju&* ^ 6.0 ij F Jul* « Jtjill ^k 50 Q JuSj jyj 41 ■ 
rms jLij . ixJi j^ J&,} 1 feii .jta j 60 V - 12UU Hz IjM jJum <> J'>Ji JL* ii-ai* Sjib 0)&i '12 ■■ 

i5 Ul JJjlJI J-B Lb . Lull) jM44 JJjitl ±tfil ^iiu ^ BO ft • lUj «ul JyJ| J* f) ItlH JLw 4j*Lkj jL Jjj 44 

? iJL*JI JU jjji jIjaII y-ii _j* |»*Uil jj* j^*JJ rms jJj; Aj&j 
^£ j^-aJ' jjj ^Li'i .00 V - 2000 Hi! ijjill jj^j fiOO ft »U* *. J[£j| ^1* L J.^** S2Lxj JL Jyi 45-n 

If ^UJI W ^ Lj BpUfl ^ jLLI jU ! l j* l» ■ 4U V 3* f jUl< 
• 70 mH UjIja* iib^J ^1 jjIJ bjLo 70 /i F *»* J&l j^*Jl JjJl *j j^ ^jii! jjOII _jj U 46 
jj_»> dLujJ iJ* jLuJ' ^jjoj i_u>vjj oJJ 1 ^j'jnJI lJIs ui L , 40 ^i F &*& JJit jj* 60 Hz cjjjJ _ijya» Jt#j 47 

0.6 mH JJJl LjLvj ^Li ; . 1 10 V - 60 Hz ^ ys Jl Jl ^b "^L*, JL »■ S.O f( F 4iw Ji£* Jjj 48 ■ 

. 6000 Hz o^i jjji vJi^ o^L>J! jlsI (v) - yWI J jUI jWJ o>jl ( I J . 720.O i«jl**j 
240 V - 50 SjJaLI ji^j i 40 ft uli>j 6 ,« F *J«- u^ « JU* j 1 * 44-r V^ 1 ^ ' 3iL * JI *^ j* ^ 49 ■ 

f 3.2 A ^ DjlljJl ^ jUll jUJJ rms cOLi lil Ha 
. W V - 60 Hz jjjlll jLitt jj^ u Ji^Ji ^ 40 fi F iiw Jii** 80 mH SJl« JLU ^ 50 <>jUu J*j 50 ■ 

ju ; JI^jJI jJ> Uu J-jjJ <±^ 240 mH yU JiUj i 12 ,n P J3i*j * 50 SJ ^ih ^ LRC ij>b npi 51 ■ 
f l J4_iJ1 jjj jLsJI JjJj J-* V j^Ull i^Jij jUJl ^ ^i Ljij ^ L { i } . 110 V - 60 Hz tjM g*i 

, 110 V - 60 Hz Bji jji^ ^ Ji^ ^U 1B0 mil ^5k« UL**, uLj 20 /J F 4^. Jii*j 100 Q rJ LL ^ S2 ■ 

,iAw Jjvw UjJi 3-6 A s \j2* IjLui t 12 V lyJ IjjLLj yj J-uuj 'jjIc 0,8 A cjIjL IjLjj 4J^m i_ii* v^^i ^3 ■ 
jLuJI jj-a* <y Lj^-u ^J* ojjili jIjaj Lij Jill ULv« ^ Lt . 60 Hz W*jJj 110 V J.j.j jj jjjlll jLuU 
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( jjjiJLI jL}S)l jjljj } (jjjAiJ'j jjW J-mII 



UjLdl jjii Jill j;yJ> jt* U . iM JIjjJI J* SJLauLi L*jLiil ji*j 120 U^ljia LtjlLj 300 mH tftU* JU 54 

IJJ *jJIj]| jj jjj^ jJI ij±iJI k-j^ ja L . 210 fl L^jjbu jJLlj 100 SI Jlyll J* L8C IjJIj 4*jlli ^Lj 55 

V 110 V nx^jfi rniK 4*ji jjjlil jLllS jAjuw oLej 
J_L jj-e 120 V : JLi'tf '-j y 11 nns J cijUss , SjJaU jjjn jj* Jlpil if »jli»j J&ej 0'L>j JU Jjj 56 ■ 
■ u j i tit jjWI V»l5 M J J-^ 1 ^ W -Ml ( h J*^ ■ fj 1ijLl ^ 60 V > JiiiJ j^ 60 V l 23M 

21-7 ^01 
L (y) f 0.40 mH UI>j JL jw JfjJll ^ *i^y jie W Ha sjIj^ c^j A»j3 1 ^ S M ti&* ^ ^ ^ ( ' ) 87 

f 6/tf 4mj JJia \i iJyi\ ^ Jirf iLj oj*.l v^ 1 ^LvJl JL ^ 

jA U . 720 Hz ojlji* WjS jl£ iji* lijij *ijij« Jjli 5,0 /j F iG*-i JJi* >u JljSlI J* <jI>* JU J^jJ ,& 5B 

? Jill Bbu <^j 
C * 10 p F t L-400 mH t J? - 1600 £2 & ii&j J^l ^ SU* IjJU ^ jj^f yfr ofjijM ja* ^ 59 ■ 

* l^j]i JJjJ & ty\ii\ Ujbu j* U (y) v 5jjUI ^ JJ^ j* U ( I ) 

JJIJ J 4jUJI iwJ l^I^ jJj , 96.fi MH/, & ^c-li^l FM 4k>« iu-iJ j^jlj jl^- J> LUC Jj3Ij ^ii^ 60 i 

S ikvjl tils J*Ull^ Lpf,£jiJ u*lj)l JJill iiu^^L. 14 Q Ljlillj 1,44 MH 
UU. c«itiJ |j|j , 1600 kHz J! 500 *. jj J i^l AM oljj^i ^LB lyb Jl*J\yZ*J& f&L* 61 1 

. jfrll oluj*(l Jit '<£*?££& ^» j#6fl J^ 1 **J M#' p^l ^ ^ -i^ 1 -m J'j^ 1 jl* !/• H ^j 1 ^ 
<j J r>]^ v4*) rms l*a jj/I jLsU jJ-« « JI^I J» 4 mH Bbn JLj 3 p F JJi^j 30 ii r j^ J^j 62 ■ 

^ jUi jLuU rrriH l^i ^Li 9,0 V ^a cipJ MM i*^ J^l j 1 *^ j^ j^ 3.0 ^ F 4^ JSi* J^^ Li* 63 i 
Jj* 0,2 H ^Lm jLi Ji* Jji lil (y) t jj-iH Hj y J»WI jjjJJI j# U { f ) , 20.0 mA ^ J^ 

* JUI J}L> jUl jLoU rms l^ y Us Jill 1 
rniH ^Lij , 180 V oa^J rms } 300 Hi sjjy Mjjt) jUdJ jJ»« /* 60 Q l^ R ^ LfiC ijSlj ciUj 64 ■• 
J-^ *J j-k U (v) ? j^ 1 "^LxJl JL ^ j^jj-JI jji -Ui$ U ( I ) . frO^i ^slii i* JJ-/* LpL jfl i^JJ 

cJLsj J , ^A\ J^Lv jUl jLflSH iji iJ^ ^^ ^ £. Jljil jl* 0,8 H UjIjL i3L*^ c*Uj 65 ■■ 
Vi^JljJl jJ jUl jLU[ _ji Li . 48-V t Wl.j*» J«JI 4* flIS ttji . 110V-6OHx ^ ijjiJ^ Uu^ll 

jj^ ^H, jJ*] ^u :ojJ jJ» ijJIjil J^iW ^ . 2400/ n Hk Jl^l J* iLi IRC 5jS.[j ^j jj^ ^m Bfl ■■ 

? 3jSlJl ji IlJIj L*'jmJi (J j* L . 9 fl DjijiL j ^ jj 14 i) sjljk ji> Jj L*J ^* i/ ljJI fl? C^J 1 
i.iiJIj 54 V jj rtlil! jjj j+»Ji jji u^j ■ 120 V- 60 Ha ^ jj-^ JljSil ^ ^L»4 JUj fJ L >j 67 ■■ 

f lyU\ J iibJlj mil! i*j ^ L. , 16 W ^ IjSUIj Jlufl 
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Ben Rabah 



w'jii * *" 



^y^t| i$£Jf 






bjI* i^Lu i^Ls , I^jjJl y^ tj^j! ^j^ijHj i lIaJU f.Ll*H LfJjL; jJlj > lJJ Qij 4jjil> oLsa^sil Jii >> 
jJI Uljilj oUj^JI jlfijl Jij^i m ^ ^ |j§ , iljftj ,> J^ Js. yjyfft ^| ^ J^j i j^ijj J$ 

. jU &m jji)i J^ jajjj jTj ^jJi Jiffr^ fe> h J^' •+* JIM J** u* U^^ ia& 

jj J Ijj^iiitl l|^*]| f^J Li jJ J_j Lull* *^-sll ^jI^J U*^ ji tj^iij j jLj ji* -_,LIi ^jjji ^j^i ij 

jj* iUAii i_^vi f Liu ^ . Mj^jij ,ui & jf j 3ii ,^i h r ^4 i ^^i uUili. j*^ am 

. Jtjftl U,1jj J|_^ jjj JLj ii^ jjU ;> jjLJI iyj| Jl^l JubJ J] j_j^J| ^!j*}*jj L»l*j o!j^ 
j_i>J L%J1*I jSUjj Ll^L* yj'\ l ^ j . oijjlj ^njU pj^i -^Lij j^l Jjj ( mmhII obiw: JU iijJl ^ 

j 

> J£ t$^ $# ^fj l^JJJ ji^lj Ij-"! ^L.jl*l' 

jii^j . LJ j_bJI L,U JMi ;> dlj y«3j (> ftjl Jj> L;L> ^j .^Ji L^L ll,l*i jt£Jb iju; j_U 
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4_i^ll jjNjill jj^j ^ JujJwJl 4-UJjJl LiLi> J 4-3-ljJ 

*■*** j^ jfJ* " cr 111 ^W^ j* ^ **^ ^'^ u^y 

J 

jjij! *1 jjJl oL>jJI ,> j_>l !_£« JUjt ijjj Li' **lj+JI 

. ( oyijjl ) oi^l cJ^jitj ^J o*; oU^llj *_^JI cjU^j , LSLfll c^l UJ^ t tit l>l£ l^SjS 

jJky . j^-Ul j-J rj*^ L« Vj Jp- Vlj-i j^ U PjtiJf tLiill J}L* uLUl J+ij Jl&tfl ibj-jll oifc J5 *J*LJj 

Jj^U oVjLw i 534II 5^L*llj Lu^t oVl*JI 22-1 




t 

jj-jj iij , |JbiJI j^b ^J oIjUjJH pbi jj-1 (1879-1831) J^L JJjHS 
li~ >y ^SHj i^l ij^LVl ^jijJil OjJumi' i yJtt jwWI tjjill J^wJu <-^1?>j 






H^S 



( 44^Lujj#£JI ^i>j!1 ) ijj^i^ ^^ ll J* 3 *" 



^.I^L^^I jj . |\4_iiAJ ;*jj SyJJ »jJ_*i J i*J'^j V'Lj ;-5.r*l) -U^-^ ^*>-' J^-j 1 

J_jlji l 4_jl^j *-■ L4J LIaj "d" t 4Jtti Ll>Lli> |^* jy HjjLUlAJI JL»vjJ1 Jljti g^SjJ 3 

. il+j j*>i -uJla-j t EjLajj j-'aji <JyJ jit uSIj 
: |>J_yl JUj "tJii jri-VJ ^.u^lli* JLjvj Jtkwl^ jJj+-£ Jl_»*J jJjJ ij-Uj 4 

^jlili Ja ijjl>j UjLiI lSjI^JLI ilfJ VisLjjJ I UjjJ-1 ^1 j£li ull &* 
. jJ>£ jL^iallj jJtf jvjUi i^i^l j-i L^_j LuiiiJI Jj to ^ ^ La jayljj^ 

. Jj^-i-iL. l£jJ Jiijj^t j^ijJI ij^i^J !jli-*Lii( (jU*jiil (iwl£j 
, j^j^li vJmJ 1 jiLU yt»«J U j*j cjU*«JJ &>*■> ^jy lj-»I_j* ^ll tjA*iLi 

JJLiJI i^m . <i uj-SjJj 5.JJJ-J iJL-i* Uj i.nii 5jU)'l ^ l ^u-^'Lii*j ^^Ll 
frjUp ^jj/ j_*-JJ j^ ijjLL f IJiu-iL i-Jaa jiLJ jl*J aJs*^ 4^ 22-1 
^ji-S] JL_*J1 :>_. Loil-frj . jj — dUlil LijlkJI ^^Lv j^u a£^A* 
:22-l Jii Ijj iJuij . 22-1 J^-i)l j» CW V^ 1 ^ *^ i&H ( O^LJI ) ^13-^1 

^££fii& X ^ ^ " ! ■ ^ a ^ W W* ^ ^ id A ^ 

: LLi ^1^ Hi JL J Ulj . ^*)j 22-1 JiJJl j» Mil JL*JI >M J**- 
ijjj.1 ojU*jj . « t uL£j Jf ^j Ijji JL*J ji j*iall IJ+* ^-L>^ d^i > 8 

uduj J* ^jiiL* IjJj i J^JI Ij-i Jfi 1j.L*)II ,> LLi*i Li jll jl> »ll*jj UjJ 

yJaUl ^U JjJi j-U ^j-J ji; Jj*J t*iJ! jj'i LjLLJt Ljibd j-iiJ Ujl^ 

^^-JsUu JL^s pjfij ^1 Jj^ 111 O-J^* ^J ■ ^j^ 1 J^ 1 o-^ ^ ^^* 
:J^ > » : jJ ^1 j^ lSUI tJtjJlj . i^SJl O^j- ^^ tf^ j^l ^^ 

LjU^ ^£ ii . Ul>%\ gl» jJLs Ll^b ^ >T Wj- JL^ J ^j 

j-I> J! fjjJ-f JJJ-i >^ lis j ■ jf^ 11 jL i JI J ^ ^-^ 1*1? l W 1 
Li[£.L Jj . i>JjiJl L*j_f il^Jj( jL^- o* j- 1 ^ 1 j^ 1 V^^ j-J?^ J^-i 
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{ (UjufclJuLjjj.jitl Cib/jll ) jj_uiuJlj JljJI Jjsl'l 



j^ i* , 22-2 J£a]| ji Ji£l| ^y JH, jjcui- JljJl lis ^Le ^l»5Uj 




-22-2 iNi IJ-S) OsH^J -4;M ij^J J-*j5 ^Jfl JVL^I ^rj-S i*i- lfxu_p 0^*i j^ 1 

^j LJjjjm ^5j J - jt&t .jtjjS J^m ikJ*/ — ukii** JL^j ■ '■■■*" - ^i iuiij 
^Jj i E ^VLsm i*JLJ Sj^JvlJ B w%>* &] lijyu jli j*3 : if j A' jjlL^JI 

fa - £ ± A 

Id = 6> — ~~ = EuA 



^j I /tuL - h f / JU lL*viJ jjJU*Jl ^u^ui Jwu-I Jij litj , I ^JLjlaJl. ^Lullj 
l^Sij i^j iyfl Jfi JyJu»Jl U»ji JJ 4JLs"jfb *jjj*ll O^ 1 ^ 1 J^"^ p 1 -* ^J 

3_i_hLmJI JjjjUiJI *jJ? »J*j— »J ^ Lijl ilfj i^JI jJLij 1 4jLaUi]l oijUiLf JjjC 

, hLej S_jl„rtj da.-illj li^ll olk>')Ul ,> OJ* aJAJUir U>) 1)J jjlll 'J* >J 

I 

4 aj v^jSJi J*_» JjiiiL Lijj** jLi* U ^1 1 n*" Jjj— iiL o jjLaj cuLi Uj 

f=UiL-*l jJj . /to j to uwi^l MJl^l u^LUI ojJ*I LjJli i^aMfj 

5j-i tJ |>jt jj_ju"(oL>« ) Lu,i» .c»tjtj4»l lii'JjUii .ill! J> JjL*ij . iy^LiiJ 
-857- 



( <lu^ljjUjj4^ Ol^-jl! ) jjjA*Jlj u^lill JtfiH 



4_lc jJfU Li iL jLiijljii"II lis ,jl _ dL r J t_iJl> J) . o'taUll ol^Jj . o'J->Ji 
Jijou Li Lt^u 4£^-H f 1 ;^' *^' ^^* J"*"- "Lf-jaJsliAJjj^iJtoLfjll jlll 

a- I 

juJiJUJ ndUiS'j ) Jj^U ^£*j iii JmaJu iijjjn jlJ^ Ailjjlj :ia mJ ji iu>j 

1 



v = 



-2.998x10*111/8 



/(4/rxlU r T.m/AK8.85xlO- ia C 2 /N.m a } 

kjjjl ^j£*l WilSfl ji Sj* JjSj ' C t^oJI 4*j-i jUlJ _jA JajtjfllL; Ili yl j^wl' J* 

I . I h [ill 

Jj£*) j-» 1^1 J^W i j^H ! — I &"" i> Di** 3 'j-*!' **r-* ul Ly <JI J3>X;J 

j_>^ Jjj—SL. ojj jljv jf t 1887 f U ^s j^ ji^Li ^LlS'l pJUl ^ j5j 
t 10 H Ilz |>+ Vj^'-f °' JJ y °^ ^J-^^Jjf^ ^U 1 )* ff&i jl ' ol_p* j^s 
j^Li jij , { jjjIjJI ^^ ) iuSLllll oL*jll <$l U^ i3Usij (jiJl oL*jII ^j 
i 3,2 x 10*m/s l^-n 4a»y Lpt-j jlJi« v- 1 *; ^ ^^ j*^-' J^ij^j* 

j y*i\ ( ; &*! tfili ^+* Ji ^^lij ,^1 c>JWi ^'^ J*^ > 1 

UsiJ iMf IjJj C UljJ** 4fij-u jJ-all (> jiia^u ,>JL>JI t> jl j3 jJfcJl uj . ^ 

. t - rh tj4* l>j ji j*toJl ^ i^U* 1 ]!! oj£j i jjrfJil ; > r ^— < jl* ^ 

^1 O-p- ^jl ill tldfllli ji ji> UjjiiLi^ ^Lsj j,!*!* ^jfi JWj ^l*>Ju*i J* 2 

j_,_..mL I-.:1Ij Lu^£5l tw-Jlji -liAJliJ i Lull Iw gjjuj . ><»J V iJ^J, ^1 j;jnm 

jiy 4Aj> Ola J^j, . 4^J?UA*j|_rfl]l ^L»_jll jj-iii h -j^*J ^^ 4-sdli Jj> jH 

obs-^j «LJlj o^sJl cjU-jji' JJ i> IjLjjJ ^1 ob>-_jll Jl£tl J5 ^^ 
( faj ij'U JUa />£ jj Uj . oL>jll Jj ^ ^l wUI ^ iljlj^l Ji> j^ 

llj oj-fl jiA! 6^ j^j*J s 6-* »J J ^ ft ' , crLjjiJl JeaJ ^^JS tl^fJl jjjjj , Jj+Ji 
- 838 - 



( ■UjjJjLuujj^iJI ol^jll ) ujjiuiJ^ ^Xjil JjjJI 



jj_>j jjj^-ll ^JL^oll (jl ^i . . Ii£tj Lui? jjii £ Lwj^i IlLku 3jj.li JL^mJ* 
. C LhjIJuu 4frjm iLsiJl ^ 0^W ( j* »Jj*Jl iilWl jUwl x j»^l Up* j£ 

: ii ^j ^j ^t ^«WI **^ j*^' JjWij . jjWI 



3 - U _ c 

A 7 7 



(22-1) 



J ; ..^Ul'l.j All d, ...11. <U£jj Ujw! pJtV J^luiSL O JjU* jl uJL> Lu J £U Jl 

^LwVl Jj*-ii'U ii^ljL*i J-1E !jJj . li^llJJ LJL ^ ^l^jjuifc Uia 

olwJl jilju jji^* > ijjUJI ' U .dj Jp L t . P jj^iJi ol>_jl! 22-2 

LiL*^ll jiii ljjJ ^_c 1- ^>i^ J Jj^-iili A^jJxJ 4jM tJUHI liiiii jsj i^l 

lljl >£Lj . jjj^-S' v^ ( j''* j^ lj^" /+■ H* ^y j^' i^-JsiJ**}^ 1 

J..5.- ji l j^ _U twjij yt US JjLom i a-Vi"^ J! j^' JJ ^" -H^ j 1 ^ J* - *^ 

: /'ojIja* jjjAf l^> jjJlL jfkll J+*JI J**; jjjill jUiSf jJjh mLj . 22-3 

Vmiiki - Vo win 2ij/1 







:22-4Jii 

44s y-^ 1 yiJt^ lM ^*J*yW 
l ;p tift ujfl d oU^ljjJl 



ut^A 



jLiiyi L*iJ 




ijLii J13J jJwu <j ^iuuj uvljkjl ii) Jk j^^f JWI jj J&> till wJ*5«j 
^ JUil^J «Jgy v lOuil ipi ^ jSj jl* j^ ^1 ^>ll >u; UL Jjj 
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( iM^f\Jktjj^\ ^t»jll ) jjjiujlj jjljJi ^ai)\ 



Lt*J j x jj*, jj jiiill JL*J| 22-3 Jiilf JS*y . jV ; J-« *k-lj* ji Ji 
•i^LjoJI oJJJsi jJU . uJaiJI jjLiu ^ LbJI ^jL; ^ JL*JI u | . Ilia* 
ji Lf»iH o1IL*Jl Ul s *-&& v-^' <■&! ^ ^^ U-jie J*«l J! H^ 1 
JiU i . vL i—JujJ 1 JUS LJ i±JL£ L.±i* t ijaj L.i^w s ^11* cjiiLji Iti Jil 

, C sjuill ifij^j H-JiitSj I .yljj -*t> Imh i^jil tJJ) 
dl_j Jj->j 0j^4 L-* ^^ ( ,c^_W-" ) y^ 1 f^ g[J **IJ| *^** ^'L> . ,ij 

J'j»\Jl i>irf c^j - j^l-*" oit>n Jll ^i out iUl'l jjjld o^s- <kwl^j jj''j^Jl 
, 22-4 JJLAlJ jji &j« _j_* Le£ l dj^- y-» jijSl 'JStj li dg jjJl .rfjtSl 

JJlJi , 4-^fcir ,wui _Lc □ J_li 4_LjJ J_lf 4^-ul itjJ *J LjiJ JLfill j ■ < **'"1 

jljJlLl yl : dU J v^U- JJ Jft»iU_j , jjuail jj_p ^ j* o jiie jifll ^j^I Jl*Jl 
. ( 14 11 uoJI ) Lejfll-j ^3* irfj^l JL^JI l*J* (jj5j JJJ Jtfj . c*-_}ll 

ijmjJjUAt Jb»>j *L»u tjjjrfJ^ jJu tfli'JI ik*j ,JI_J* £>l "ik*^* Jl^J1 ,j*j 

Jj_>j; ^1l_p- i 22-5 J£jJI JJ ^jj iU3 ^LJj yVj*-* uL*a ^-j* jJj* ^jj* 
( i ) 22-5 Jiali ,y ftjti JiljjJi J*J Jjj Jel j] 5j=.i^*>"I 4k« j^ , oLLOJi 

|jJhj_f LLu s£ j^lll L'.-llihAl* ill ijAJt . 'lisLj ^u LLl i-Jjli CjILu luil 

'-Ijjl jj nill ljv»jJI ) . i.i.'u IjJjUj , (*_i) 22i5 Ji--JI ^^ US w* jI v* ?^"j Ij^f* 



ilji 



J^ 



Q 



_i_UJ_& 



r, 



a 



8 




i 



A 



/ 



j. i^ i U fcJI Juyj 1 jU^ 




i:vi 



iu: 



: 22-5 Jtl 
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( lUrt wfaLW jjjiJI olfd' ) jj^ijJli ^lill u LuJi 



. ^1 ^ Jajj ji^l _ji ir utlJ*ll JUJI jL>jI jlj ( jj^ jUI aLfji $] 
JUJ] o.Li 22-6 J-iJJl "h ^Juj US j . , y jV ^JI fU^I J ^j^l JM 

cla-j jjj , tSfL^j jUsi iL^j ^^iti Jbsji ^ ji « ^Ui, ^^CjUi 

^ lit i»Li ^ r { tw L^u*i J! #UJ L^i iif ) jjJJI y ^ailjii gla^I! 

p L_*iL li^ U-Jli ( Ll**> cj^Sj*i ) &fijL*J lil oL^viJi $1 Jjj^Ji 
jifci^ll />_-■ LJj jJk| <i;i L pjLsJj Oj^ Jj^j^ |^jy ji.^ j_[j IjL^Jj 












</ 



. ... _LI:^' I j i-. ..i i 




22 1 j>ojjp J1a< 

jjj_i Jo* J*u oJLi_j IUIjJ tiuu .jii cull ll^j 15520 .U J L^^l S^l 
S SiuJl L*k >J jill ySL^Ji <*jl ^Jl J^JaJP^* ^ . 1,02 x 10«Hz Bj lii 

; 3 X 10 fl m/s lu^JrlAall ^L*jil iS^ j^tS 
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{ ULmjj^J! cjL*^1I ) i 3j ^\ } J>&\ y UJI 



, K 294 m :,i a^J ^^JLj . f = 1.02 x 10 s lis j p = 3 X 10 s ni/s 

jj L . ^Ijiimi i ijji ( i^ySjij ) jbljJl -^[>y ^jll JjUl .»Iw : i-^jJJ 

. 1.5 x 10 9 Hz ; l/^\ ? 20 cm ^jll LfJjb 4*JjLuu Jj# £ ^ jjj5 



i^utL^j^UI qI>_jII jljij 22-3 




ji_^,l jii ^ ^a liijjtjjj 



M-ii ^-Ju^iH' ^j Ol j-^j j-ij . j~^jJ3'iiA*j|_^iJi uukJi 22-7 J&JJl -j^j 
jIjjJ Lux' iJ3-*aJI oL>vl __i jljjJ c^>jll JijbVl u l 1i>^jj, . l+iuj Uj oliill 
JjLl^j, . 10 jiJl ( yptol } ^sjS > 20 J, _.Lw wAJI (> litiU $m l*i J^kJ! 



•oiirtjj , 10 s Hz ^jJ Jj ,«£ijj j^Lill L^bjjlJl jij jjl iL>^Lij . lljjE 1 in ^* 

f jt-- ■■■■•; ^^ p Lb' t /"= 108 MHz j /'= 88 MHz ^ ^IjJI jjJI FM jj+>( 

/■= 500 kHz ^ iji( ^kv AM jl** 1*1 . &, L^lfcll jcJljII jW ^ ^jj 



fin) ,^^'J^i 



J I L 



J L 



J L 



J L 



ijjji^l 



J I L 



I0- 14 lO" 11 I0-" 1 H) K i¥ K* 4 10 J I 10 3 I0 J 



:33-7 J" 



L1 .1li,,il 

I ! I l_ 



J I I i I I I I I I I 



m ki 11, io |j io» u 



W I0 5 1(1 



iH/.)^l 
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( i^likjjj^iJl *\>£\ ) jjjiJlj jitSII >sJ' 



y - j;^_) Uiifr Jjti fli ^ tljttl ilij 

■ j — 1/JlfjiJljiiaajJi^ atrial 

, f \j^j]i !ij3 ^ ( _ yLja j| ^p 
.5*1/4 




^L> jic oJijJI oLj^JI LL^i jJj^l JL^I Ji^j . 1600kHz J 

4-Pulil i^lj* jLi 4 dl_>J1 LaII^II OljJ jjl /lL'^j J^jAi-j *-ii--iJ , FM iiLui 

oLj>_jII ciUUij liutfijj , (lfi = l^m = 10" B m) (p) jj^iJl olUsru c*M,1 

ji sJ—Ju |_>auj cjbfctll tin yl US . 3jL*Jlj iiiljil |» , ,-4*"Jl J5 ^ tljjjjJI o*J 

Jj_>ju i Lj .'Liiil jut} ijj^l ',: -*' 1 jjiij <lii iilJ ^ Uj iilijV»JI j> iiJl 

L, IjjJS yj^JI li^Jj . j^U* jt-i^Ji ij,pw JJ o->- ^jlj> ^ J **)i' ^ 



, 700 nm j 400 j# «i ^l»^ J'^i > ^^ 'jj" JJ^ J 1 *^ j*j ■ ^^ 
jjJkJ UyS 22 -8 Jid< 6iWj ■ j^l fJ J^jjJB jw^ii jjj^b 1^ ^e-iLJl 

. 550 mil j*j Jif i^iLaJi <ri J^J dy> « ^» Jl JjUl ** LjiJl ^>«Jl IljL* 
jil^-ll jjJJ pjK j^l j* ^Ijill J> ( J «UsJ ( ^ olj^Ay j4j ^1 C%j3S^I u| 
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( l^tLiUj^l *L>jll ) OjAJ'j j^ 1H 1 



:22-8 JU 




(mii)^^ 1 ^ 



pu^oaiil 'Li* J I Jlj-fr^l A-* ij" Lui JuDl j> 44^Ju;JI jjL jirfS iiti* ^53 

: iJj^JJ 0^ J J* 6y*" ^LiLl s*U| ^ ( « iyjH 'j*|L; * Jyy ) .j*— ^M 1 
ij-£j j p-Xi' *jj/)I <Lk*-*iJuJl jj* iniVlj . J>jti JjiJl ^j j* ?& il*J< 

jjj^j , ( ',;-,- -n UiVi ji ) g4! 4*11 Jut g* v* 1 ^ A = 10 lim if vj^ 

^vJuJ* jj3 i**i"di Jut duu ij-tL'^ 1 ^"** Jr*^' t* OvLiJi fljJjl 

ijj^l Jj-io ^J** r J ^ oUj^^l 6-» - yk* ^ JJ • j 1 ^ J^ ^ 
. 0.1 nffl ^ jl v SjjJUrf 3jJ jU > J5I ,ji> ji f*> u-«J LjJ oL>jii j V 
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( i^liMjjfiJl ol*jll ) cjji-Jlj jiliJI Jjifl 



, j^ij mUI J-iii J ^ j*^* Uh^i UiSl jl i^! ***1 l^j 



Ub>Wil 



AA<\ 




LJOHf ol^l jMj 10 ls m jl SjjJi sly jLi J^ vj to jt ^' J! ^ J - * 
^UJl (Lull i> ILuHl *aij£ll *-jSij ( jf L£jti Jsl^l ) <y** 5g*i vtfjJ J 
. UI* iJTf Lilj Ujj u^iaJlj i>liJ! J-s*J^ ji fj^j ■ UU <*if jjUi ^1 fc 
jjjj U j^ LfJIjtl -^Ijjj oL*« jLlj! % j-uls'Jjujj^JI Jikll l)I J»ik 
ol_*jil »i* J-i' $f £m ^J\ jJpj . 10 1S m i-t JjI jj Uj l*l fi ni jji 



ijj^ni*>*ji jiiiifij 



c*L>jll iLftl^ L*U* isj^^l ^_j_£j lij^y^j^ij a>tj^' 'j** 1 ^-^ 
Ui & **JI ji*j . . iiJljJS oL>^. 4j£L>UI *l*jll tf» J ^-^^i^l 

L^ ^ »U*J }Li ^j^l JWb l»UJI 'j^ 1 ^ j^J ■ jr^ 1 J 1 
. ^t^JI yJ O^ oU*JJI J^ (jj^fll lM &! $M < U 22-9 JSi 

. L*jil J >jj <li JLvJl <l*i, iUjul y-i^ l ji* s jp 1 ^* LjJtOl ik*JJl ji 

^ 4*w Sj^ ^ii_rtJi JL1 Jjj J*\ J! ^ 41-^1 jj^i j^sbil ij* >jj 

R£rG apfj jj ij^-t llf> j^iil jWl itod^ i y*J< si* J5Uj ■ pijH ^ 
6 [j ^ Jiij iTLC 5jiljJl ii^ til* . iJjgo* 4il« ik-lje JiyA % 

jLUl M > "^jjJSJI ^*>tl JUil (l) J J r jjj v 

. V^J ^^ w-w ^ ; 4-i Ji£JI yS cuufjl 22-9 JUJI Jl i^j Q[) . J«J LjSUl IUJ 

luii mc ijiij oi j5J3 Ujj i*Ji J**- jifii itf ui ji dJi ijA ^yj- 
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{ 4awa^Luujj4^J! libj-jll ) jjjijJlji ->\j1) J^iiJI 



jl_a L^tiN L^jll *jjj u jjlkLi ijlUL UjJI /i- ji Jj'^i IjLi . Ijitjl iUJIuji 
jLiU 3^ Jj UilJ ijLs^ll jhi jjjlil j+hll lia ***j , fl fjlill j& iR 

(jJ-Sj LaJj#J . JljlU jl jLf*- J>b jf_>>' J^'j* *J»^JJ Dj^$jl£J m i>4> jjjfjJl 
. ( JJjSIU jljjJl ^ «%JI jJ Ia* JAiJ 4*L Wu |jjjj]l jltf J ,j! ) * IjL* » ^jjjjl 

Lk»J| JJJ Aj^j _b DjJiJl \J\\y J_jj1j ^ 4*|j^fl iiiUi>j |Ja>( jLii.1 ^[s 
, jil^JI JJ J*^ jjJlj ij^jjJI ,> djwJI liHjjjJll Ji J*L*jj jLf*JI Ja*j 
, uLLjJi U ll*j 4_L fl^ L_ijl 4jL_uLUjuijj^i r l Lirl^^il jL-ioi'i ^liaji 

J_lij bjj_-J| o*j3 0-* j h)' 1 ' ^ J*>^j ■ *{v) 22-9 j5^Jt ,y **uH5 ^ 

£1 ii_»J ■_«_^ , l II4 ! i ) Lj llL> jj ^yiLC 1 JLhJl jju2 j*JJ i^>V i-^- 1 

u L*djj, , ( Iptbvrtl UuJ itelj'jll oLW 'LjJUiLjl Jjajj 5j.uuA.il ^jjljil «j+>l 

Ulljll p; . LfJ* jJh A>* StC SjJIj Jj ^ii^Jl Sju* ^i i*Ul a^I 

. lijl 4J^il A^kJl^Li^l jl 




U— * 



i tfJ 3 Li NGC 5128 i*^ JUL ^j ^ JJj i Lj aImII J£ J'L^'I A ^ UU i L ^>_1 J*La J i 

(u) Jy ^^ F> ^^^(l)j5U it < ■ -rr »r p -^ j 

l^iii-o^ ^J mjL^i^^ l; l^_ ^ n jj rj | ^ m^ ^w^ jjj^ i^LC JUj ljJLu li> UWl 
^.jJi J_^i cj — . f > JJ Vj^f l^ij LJ^i l^UjIIj ^Ij-eaJI Ci,aG jjL*-»1I Ill> ^i U . llj- tjfa C } L 



UL <JjS* ^^iLiuwjjiJ 5jU |> vi-^ (jl* - y** - *J J h *" *-$* * 
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( ^j»wliUwjj^J> ^$ ) ijj>^lj jil^ J^iJt 






^utLjjwjj^SJI cjI»jI1 fepi 22-5 



jj* JuJw Lfjjt »jii^ J^jj . Lp:j_r j£l*o] ^^j _>^ ijLj^l jif jjJl 
Lj JjLuIj «^A> j»j i -i^uJJ iijJaJ jji »^ Jj 3 fj-»# j^-^l Wl J^ 1 ' l *^ > 

^ jL li£L /jjij Tf i^Jj ji^ pjfJ u-iJlj |^L *ii I ^J JlLs Lfui« 

y-iiJli 11* J! uUILj . dli5 1^1 oiti Jsiifj L y*iiJ ijuA'lj ^ jj \+Jl 
ijSL- 3JI* jj l lLj c?i ^A ■ ^' ir* ^ Ul ^^ ^'^ "*^ 

^J (j LijIjL «j-*i Jj-^jJ q u**i L^ — 5 jk^Si ^1 ijiJl y£liJ jll L*j 
jJJ , UjL*I iJjIiJl ,LLl t ji «iJJjj 5^ ojljit -ajbUjw JI^j s* ^^ »l»Jl 

p . L^i 1lj._ JUJi ^ o£L iW U*JI <jL JjiH *£&H i$\ l> C#j 
Luv^jui p i>j . *j*JI Ii>Ji ^[ LI^mJI ji A>)U ^ til ^IjJli T ^ ^' 




t**$ Sj2l jUsu rjL* *ffi ^c >i*jJl 3JUi jj-'jl iWI J y A> CltJ cJii jil 
olijM jISL jj^ j-^L l ^I j j'ul* ^1 v^! I^-l^ ^^JLj Jij 
jj^j t Uj^ oljU* ^ *j»U 4jS1 — .11 oljLlI Ll JilBlTl Ijju! cw^l 
J "Uj « ^Jjj j^i . iLi jjL iij jj j*i -JS J»UJJ1 (> f^lll li* ^ i> p*jJI 
j^-fj ljj3 J^y ^ UlBjLI o^fL*4ilj Jill pk JL*s, ji ^i>J! abU^I 
m: Ui^Jl oU^ ^j . dL*)I jj- o- »jj^ piJ jlll tt^Si ^ JjJ*ll 
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( J^liuj^l o^jll ) jj^lj jiiill >»H 






-'jL^ ( jj bU*JI oLJjij iiyi l^j; ^j caJ^j ij . iiLJ! ^'1 ^j 'i#££ J_^l j^ ^U S^iLLl ^ &t|| 
Ljj^l ^U>& lj_j ^_^jj ^1 i^J ^jL^JI J^i a» *H**it W ^ <tfj «jIjJ< i^UJl «*JJI j* Lj kjfc-j 
. ibjJJ i>JLJl iLLJk ^LiJl ojUI ,> 3^ oL±£ L^Ji lis ^j jj^l Mp&lj l^ 1 '^j »j'j*JJ *^M 
jWj 400 <>> jL#tj jjtj t Lu t*i uip j^jj i 1^0 k«_p l_^j^ ^ 5U*JI ,> Kjjltf oJ ^| j^oJI $$& LJj 

jLa^l Jl . \£yg> 4m i_iJl 4jL) j*j JJ Jl«> lu>N Ul i 5J_JJ iLr ^^ii IjujI A*j ic *fL DJl uj lj i| jl 

•>i jj U*iil Lfl*?l 6j ? JJ*-» ,£^ JJuJI J*~ jJJl olsUl tj* JJ> ^ ^ IjIm &fr Li>l c4jU*j 

J^J o' l^j^ i>^ ' L^JU- ^tU' ' ^JM p-I* j* C *-*?jjM l ) ^' J^UyJl oUjil U»^ .lwi-1^ 

d^ jfcii ^^ pL^J Jj Jtiil^U iyikll j^j^ Cw t>aillg jJ mKIIj IJuy Uj_»*j > <*L ji ^ 1+J Jgi4 L-^ji 

, 4 3j>*Ji ^ ^J v^l J| &3 »'j*| *>*iJ iw^Jl *i& &i$* ftfcUy «UJl ^ J^*i ^1 v^ 

J«iW j| JjLjJ lIuLS 1JI i-jJw Lu«J iju-j J Ijlftlj (ij>l i^i i -^J^J ^* i ,J ^ 1 iU> >^^* ^^ IjJ ' ijj[ 
jLSj "ifj j.uJ o^lLvj ^J D^gLiL- ijj« d!LAt i^iib' j2i , i_**u h j^ jj^l Jl iLJbJl ^ jjijj J Ui) Jyw*j f 4Jd« 

. LJLjL ^ ijjj LiJI a*jj jLjj jj^j.1 iij^i jJ* oijliitf 4^L s-LJI ^f 5jilij| LiiU lli*J jiJ ; j*JI j^u l^_Luj 
L*UU iki- ^ ^£L^ « jLi >= ^ i»-i* JLjS fr d»j cjIjUJJ ^Jj ™« ^ J^l ^>j]! ^p JmJI ^j}j ^ 

ili a| J_j y l j^Mu jjjXill LiiJi Ij| (jtfjTfi v£j3 yUDl UjaJI ^l^ ijliu jb ^jii jjLi> ,> Liijb] JLi^i ^^j 
J-o> ^ j±ij .sUl JjS(| J^l»JI ^ Luij** a) . Lijki U^U* ^f jlli> rjL> v ,jl j pj^j ijUj «!* ^ ii^ 

^ % ^j yd-siaS »l^ill jU>L; ^m jJ ji5 a|) l ( Uifcll ^^ilL ^^Lu"iU 45'jJ ^Sl SUdj ) MIT 

jl CJ jjju U Ja^ j! UJ r^Jl i^> ijUU UbAf Lu -LuujLi'f Ju'-^ <J 1*ju AJJI »jJaII LaljJ k£tft£ jit , »'ill jj 

jjll ijjLijJl ^j 4-£^» .»j j j#Lj*i (j-laj jlj-t j| v 1 ^ j' & >"a*S uy-fl' jjJUJj . wjiu (jj5b j15j vjU^ 'Ij^J ^jJ 
fr* *j-^#* fjt-' 1 j~*J ^^' y^*" jj* Jj*3fj C^ ; dtiJI Jl( i jj-fjJI jLil o^ " s Jy*; ^ ^*j J*^ J^j* l +*^ 

jLtO -rjLj- -'lij Jr «ll>uv r l iSj JOJjll -JUJ I kJif-'l ^ .•u-LaJl^j 4 ;jjyl lllli Lilly ^C iIlXiJU ( LijjliJ I ^ f ai ) 

. (SETT) 4*ij^ SjiJl 
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( 4^U*jj*iJI oL>yi ) ^jiJlj ^liJl j^l 



■ 'Ml ,/ft i)I iiiJj M*l . ^ t <j$» y** MlJ#| S jW f ^! a* jjjjlf IjJfl vJJaS wjl^J flj*L bSA»| ^1 

'Ljj^l ^ j-j3 J jr S'l ^f pu% ^JJLI^ ^ h±£ jjjj Li IjfLL j£ jJ Ijl ; LTjJl U**JI »U*j J jjjjl 3jj 

■ »y^l > iJj^-i ^Uii J^ jijfi ji! iil jIj^J J»pI fcjjSi- L4JJ . *LjJll ^ LKM iii 



-* 



1 ^j+JJl JLsmJI jIjju LJ jifl JiyC F/g ljL*jJI u»j J* iji^il auli -j- Ly 

<Jli JLJI LjJi* j_Ii Ljjj^c u Lsjlji* itj^j B iJ ~dsliLt JLy+ J^ Ujus 

£ = nB (22-2) 

, L£^ jjjl UUI jj 
LU Jj^i, iu> l 22-M JiiJl ji t#ll UUJ ^ji Uj Ija jJjj jflj 

.fcjJsi Ufju j^Uaj JJjj L**j . JjJ-jJI ?L^j"Jl jJ i> Lajljftj <*j-(J ,^0*11 

^j-jijj* iJh lM^uJU j-^UAll JLhJI jl -skill Jniitu^ll Hit ij-n ^ jaui 



.. t ,. 



"B 




W 



y_4si t-t ( V-^J 1 ' — 'J 1 ** Vj^*l< ^j-J/aAil JL|mJI L^.+* .ilj>: ii^ Luy_ J ^tfSil JI*j1I Jul) i Luu Uui 

, i-iLU 4j4j OuH Jl jj 

jlj . 22-11 JJLUf ^ ^*_u J* US' il*JJl (Jii^ MjjJ» liL JjJ £,1 yAjil 

i)j_k* 4*j_i u^i—ii ^ i iJ Ljljii Icj_u iJjL aLiJl ^ ^iiJl y^, Jj^i. dUJ ; 
jjJvill JUl jl JjOj . P UaiJ ji-f Jj-Jjj jjJlj AJ* jjLaJI ^J^l -'W 
jiJ j_t> jjJl 4i>*jJl Qm£ Utk Ijl OjIjaj ,jjj&j : hiJiJl J4L IjLi J£ij Jjull 

g iij ) >J\£>\ ii>) J p UtjIiL Xi>Ji JjUL ji Li»j3 lili , dj>I^I \±U JF 

:22 11 jW , ( ^jll JjJJl jlc 3J^J .jAGUll Aj^jJl ,« ^1 vi^u ^i> jAf ^jUl 



•J 



- + + +#+ H- -ti 



t t 



^juJ ^j>]( jj jiiij A UaiJi i* ^jj !Ljo >j ■ ^J; f 
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( 4^*^LJJUjj^iJI ^jL>_}1I ) jjjitlj jiUii Jjiill 



P 1UJL. S.lJUwsJl mlt 
. pv y J^jJi u^iil dJUl 4K^ ^jji jl^JI jliij .j $\ 

^ Liijl —Li JI t*iy JLJL k^ JL»JI li* j! olJI 4J* ) ^-4>U* 
t^jjMttl] bJL^II J ys* *J3\ J-AJI ^ ^ujJ jij . ( dU\ jji uljll iiUl 
IjLj . ( 19-9^1*11)5 = ^/2^3* fjfcUj Jdjk ilL ji j*, i jUj cjJi ,jjJ| 

B-« (22-3) 

P ikJI jfr dJUl »jLi ^j^l JUJL LjulJl DiiLj j $\ J*bj 
jA iJjkiJl ikii* JjjJs ; ijiij^ dlU rjLi- ^j*iJI JLsmJI jjI (16-7) ibLnll i> JLu 



: ^ <^iJlj (22-4) } (22-3) ^jW< 
fl = tojWE (22-5) 

: <LL.'I 5i":WL. ibbtll i!a iijll* ,ji*. : <i 



fl = -£ (22-6) 



. Jj>j+ ^^uklHj JLvJ <v*U^ J^3 (> LfdJr iILft> jjyl 

JbhJl Sij> JJ Lipji Jjaj jl ^£iu| o'jljJJ* b'j> &J_j; &A\ --LiLLili jLjJl_j 
. L^jl>u J I 4iLudl i £( = €ofJsvE tljlju : ^tlJAt 

^-iiJjli jJJfi ^(j j—oLLaj JUfu tj j^Jau jUi 22^6 JiuJl Jj ij^II id 

■^j! J>Llj y LajIja* <tj^^ jLUJ^fl kJ>- jljitLj o"^ 1 ^ 1 ^-> ■ J>\}* ^^ 
ur^ #■* j^ll ■-» j*s j' 1 ^ 1 1> i *^ ! jirt^' ^^' iP J^i ■ ^^' 

, b^tiAjl k 0^i dli* jJj^J iiJJuH 

-w- 



{ v^U-wj^l aLjjll ) 6j>Wlj JM J-ali 



£fl$\ JL*JI J c^ij 22-6 J_LiJi tjpn jjJI Jiyi ^ oiw jj( ^ 
J[j , Jj_iiil ^fcliAll JL>JI ijJ^ jill ^j^fll Jl*Ji sUfJI „* ii^ ^Ji 
jjJjj ijjJl t/ *4titll JUJI dL>jI y*M *J 4^11 j—tLill JL^JLJ , JJ3 ^ 

j a^-5 j^jUJI cm JJ j-J^" Ijj ^j , * Liill JMi Uyil iSj* 'Wf ji3i 
^ iU^kll ^ UsyJjj J ^E $B fc|i ill^ j,*J) jjtf IJIj . Lj,jli Jj 23-6 

i 



i/Sij 



= 8406.x 10* mA 



. 22-1 ■ — il'I ijj LiLojj ;^_» LtS Jj^iL L j— J j- J— u- JJl **$! ^ jj 
t B =: 2.9GR X LQ> mft b JL £|yj| J^> L^Uhj^I cil»jll J* jkj 

E = ttf (22-8) 



22-1 JUrf 

: > 

i? = ^fj sin 2^if 

? l>Ul u* ^ j-Jsliill JljJl It** j* U , Eo - 0.0042 V/ra ±* 

jjJJI jj i^Jia* ^S< ^LaJI |^l Jj^L, il^U J-oii1 J>Jl ^ : 4j!>5(I 
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( L-uijLijujj^iJl cjLs.^1 ) jj^Ij ^LUi j*i)l 



f ^tliiUj^ L^ r ji E j E J* «^U U^U JU* >j ; Jlj* 

Bo = aM42V/m . 14X10- »T 
3x10 s ra/s 

■ <jjj^j Ji$~*iL L^ji *jj jl'l ijUl J Liiflj /j£w J 
i J*ll J ^jfli JSil ol*»j|i U*a ol$ 4b 



22-2JLU 

iJUjiJ ii^j^j j^bUAil Jl*J| jb ( v ) 22-9 JUi J ^Jli' Jlj« tjji u* 
j—JjLaJI JL>Jl ?-t iiUfcCj 25 cm 2 LjJ»L-^ »ju*I» <«J ij_/JLfj . oj^aJI j 

* IjjJl lis L^jJLJj Lf iJI oL_ji*II j* L : JI]j 
^|j , emf = A$ £ /Af ^ ^ ( 90-3 UoUli ) $Wjj ggtf ^L ; iy^yi 

j-» <UuJ L_jl ^ ^Vii-'l jl3 fijJj . B ju oua'jOU Dj^iaJI 4>Lu ^j£ il'jJ Jii 

if 

!f (jiuijf jjJu Jja* itij jjjij «JjJUl jji . Jljj 
^-^LAil JUJf &! fJtfj ■ 22-1 JLUI ^ A Un ji* UU> d : ^Lj-jfl 
J^L> uuli ^ iB/if jf |jn j^jJI ^j . Sjjj 1/4 J"Jij~ jLJI JJ Bo fr* u£j 

, LmLj e.jjiu 4lw*i-l -J.J.j , JLt ijtjuaJl . v J aJ Li hi 'Jul J J tjjutil iJJi 



r_ i _ i 

4 4/ 4{^io fl y" 1 ) 



-axioms 
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( 4^1^,^ ol»yi ) Oj^Oij jiliJl >i)l 



jA <UisjJl ijiill si* g'^ti jB jjju Jjjy kiijiij 



Afl B„-0 1.4x10 n T 
A* "' 774 " 5xl0 1,J s 



aisxio- 3 ^ 



Braf - 4^-A - (2.8 x 1.0-2 t/b)(25 x 10"* m*) - 7,0 x 10* V 



iu^^^ill ot>^lb ^J^JI tflfall 22-6 

jj^jljjj jLtfJ i_Lkj LpJ (J 1 ' C'b-j. 1 j . jHuJU LpUl oLJL liilblll iu* 

iDn jy' v " i_- "" 

iiLUl oi 20-7 m«1i ^ h ^*^ji 1^1 U* , - {£* ^ PljUl jj ft a.<j* ^ 
:22t2Jii . . . . . 

u^jj i.> (> Ad ijfc p± j* ^'^ ^P ] ^Wl oi ■ J&J' J u&H ^^JL^ 1 j}*^' o* <*> «k 

. # tjljL. £lj yt J.ji-lJ Ji ^ [j^g, "^^ JJ^ ^^J| J j A^ _ .,, t ^J| "y,^ ^Jl J| jgj^ jJ ^ 

. Jiill yi JJLbJs *^ [l^JI lit JJ Dpi ij Aef 







t^aJl 4awI? : ilj^l j5 olflU 



-j_j.'l l"J J-J^f -j '--I" ^ _pJl A>^' jj tjjji ^JJj Uu 1jll>JI nJk'1 j Jj |>^>4 Ji-2» ^yww Liw J j-'l f '-i-a 1 - 1 

*_sj]| jLy . 4#*jij3l ^Lll^Jl ^j Ltij^Jl ^«3i> J> j[$>± i y^\ jl>j . jjjjJlj 4J^I**Jl i>L>"ilj jUJi* ^^M+iJl ^ j^ 

^_p ^jj jj »i jjiij n%ji ^-> j-? &-* uji* >* j*) * »jlii i>* f ^ i> u>£* >>^ji lM ■ j^* j^ 'j^ ^y 

- Rfift - 









( <Uui.^ljti)j^iJ1 *L*jJ,l ) Cijjiiflj ijjIjJI J*aiJ1 



J a_,J jJj . j^jd L<-ii* ,i-ft> .Jul IJLsSl i»AwJl j* iSUlj j4-*4* _j*^j jfil *j-iJl &j*l LJbJI kjill ^li j^j 

i 



<L*Li» ii^» Ji*j L^Jli _ jfclj ljJLjJI jk _ oL^jIl Lsf , $***• L^ffil, L*£>>- ^^ Cj^ ^ l>J ^jj*» Jj^* 

: i^JjSLj X>yil ij-al> l+*^5j f J-**" SJ^>* ^"J J>J I Oj-jll *JW jit i>ji' <^ i^WJJ , bj£J& CiULu ^f/B JjUj 

^j Jjj>J 5jj^ wU ijl v tr^j jL> ^j^ ■'j^ '^' j^*' ** ' ; J J^ s*^ Z7^ ^^ °^ J ^ 

JUji [j,^ ij^ iJ-u Jill iL*o^l j-iu jA iTj* ^jLc y^&Uj (>i>^L J>pi rUi ^L^! lSJJI ».lif«l fil < y^ttaJfi 

ijLII ^L*j}> L_LiLf. !>■ «-j <jJ I oLj^-^ ^k jijll i_ijL»oJI oi jk sj3jj3 4^«j jaj jUSuV) L*i i L* ^^L- ^* lij^ 

• (.J*! JE ■E 3 -*' 1 6^ i< *- jjiL '' ii**3*i L-jjjj 1 iUjI)! jfcw y> jLii^'lj ) . ijQI Jt>b i^Lo^JI iUj jjj* ju^ . . otiill 
^*j Jj»Jj w-^Jl J**vj Ui ijLLl ,1^1 ji* Lj^aJI 4j#jmi ISy ijt^j dljj j^iw^Jl dL*jI > ^Jj v^^' *J* j^j 
'$&» ^iyi i^ ^Lu^i- JU j'j ^ ^ Jjiix« u^Duj j*Ji£ SjJikl^ Jjl^ll 0' ^^ ^ ■ j^ 1 jk f l *i | J**^ 1 

Jivii A* i -if i , iijJJ 44**1'' Li Jail I (1695 1629J yJ^iA jl^J™^ji J*t ^^jLJJ jjIa* j>I Jjil_jA Jli fl-= i^j 

. pLiu J_ii Ja-jaII Sjali? ihisj uUjjj t j^-IjjJI J 1 ^ 1 - J^> ,>J ^E*^ ja£ UjLiHI ^ls &tttyll J^ ( ^^* 

y^j jua ^ fjj ■ uj>^ t^ fey* ^y J! "^* j ^ 'j-^ 1 j^^ i*^ j^ j 1 -^ 1 3^ ^^ °^ x 'j 

ji J; , (jjj.^JUUl O^Vjl^ 1 Chpl- 4 l* j^-^i ^■ llC 6^i * i *t*>i ^^ '^ j *i"^' ^^ lT^- ui-f^J - **^ 

^i»j^ ^ii £w*J UL^ JiLw »jjjij3 (j tjtoJj tiiJ Ikw b»vui (ji ^S*,; t^j^U 0a*1saj jjj-*^" g 1 ^t 1 * ^' ( 24-3 
^i^ -JU (jLi . ol*_Ji J_>lif l_w?i> UJ cjuJ ^Uj^I ji Ujj , 0^*41 J*^ C^ ^^ ^j^J il^ 1 ^ 

. *^S-^4 L^ 3 ^ ~ ,J**1^ - *_J^ 0' , ^ J ^'i 

aLl>yll JJj j\£ Jj . 4jjjuuAd o^^j (> tjl^e t yJl ^i J^i 4jyfci iii*)3il j3j , ^ ^^ ^ijjJl ijJ^Jl 
. ■-■ i- J .^i i *jj*J j^^l ^ ^jUo oEJ?*Wl 4iJj cjJL^ Jj , . (1815 - 1808) oElaiiJ ^ tjJJI jl ^ ^1 

-8S4- 



( iUjijfaljjwij^iJl ol> ill ) ji jimJlj J 111 I JysiJl 



jJ.' I - lOjJl ji* OJjl Jj . i lj-|JI j3 l tjJ' A*Jrt( l> Jjl l*J««fl M* jl l>jj . f-Ul J f-ijj'l i*uj flj-jLi iLrLi 

1 .LAj j I vwijJ 4j->*J J-^* ^ A-' • f v^'Lw '—i'^oj^jl*!! yJt>J t Jmj yJjL*j 

J liJt ji _£ . i-j isJJ Li^Jl IjluLIL oJaL>i J$\ JjJLJJl jiliw y' IjJali* jl£ i)ii lb"il UJJ Ji" Cj J'-*j ill 

£ « V oL*.*!' J-wo esJu JLi* cjU "i 6j> frljiJl Jji> tfaAjl jJLili lJ^aS >■' ; 1*1 ulj JlL JUm JJs ji* J ijjw 

fr, ^'Idll jjjJ LijliU i_J Ol j yijyi ji jj&j $1 hllti ILL* j^il Lj_j]| ^ $ -_.il" frjj| ^L^Ji i*jji 

, _j»-_jll irJ^uJI Jus Jj Ijlilj ^jJI JUj! jS» T^ill ijJJI >UfrU (*)* oLv'jIi AkjUj «J} . J^Jv 

[fj i_puJl *jj| u^ j*j1'l !*>** £jg-*d jl il !)j j/Jl cjLIuLJ J jj_> li.'U JjL> jjj . tiiJJ oilkll 4^J' jj*3 
jjjj Ujj* j$H\ '<iju C ol^u i_S JJlj. y^)l tfj** ji jjifl j-ljil ( 2G-1 fudl ) &j£jI Jj]l JilJSil y*Ut f lj>i*b 
jJ ji UuSj ji Jj v m BJiU*j. j> ^kLfj J <0£lj , __rfji iUj J5' ijrf i>J-^i*li t^M [/ ^Jj ^J 1 - 1 * J^' J l^J^ ! 

. 36 tfli/s j_ss *jjill jjiJI ^ljju] LtilS Il^L> li yLi U^ii Jj-lji'l ^ijit J ,> *jrj)l _Ja t ijil! 4£j- ^ 
j_jilS *U*;^ \xi jJi llS*j . liljrjl ji* jfptjt > ^ j|ftl ji gCESUi J! tuvk^' f^ Ii ^ L,,, ■ 1| 6i * *^J 

JL»kj |V* jjJii i-jjLj jji i>_jj ^A ►j-nJl tjlj . ^L^J Jii Ul^l JJ '■jnfiJl ^uj) Jy- jij*JI JlJJl ji j4* j^iiJ' 

i^jJ ^jijjL- oL^; i-ijiJI jjjJl jj Jj^Jl ol^LJIj jis jwLJI jjUl ,> Sj^jI oi^Jl cjj+i jaj 1 oL^Jl 
rJ>*iJl i&£ 6j »>^ j-W II ( 26-7 |^i ) i^LJ* f L^.S'l ^l^; ^jjl f jjJi JJ, £) ^i3lj , *j^]i ^ 
li! ol;J*Jl «{m! ^ cU^^I jILS 4^» ( 2fi-fi ^ill ) JjAjj/fi fa >j3 ^ LiJ j^ pJ ^1 ; ^jii 
i^* lit ( ^jJAlji Oiju (.h-j ^Lilj JJ-i Jbs ) jijij J^J Jlij jbjAUiJt (jIjLa j»ij Jj . t^ «kj^l Si OJyi 
Ijjj iiikJ! ,> IjLIj .Ji^jj t_^iJ! U^v*! Jiw jiRj oIjjjjJ l^jJU jlLl ^1 ^Li-i^jl > jLy ^ ud* »j^l jt^l 



. ( 20-9 *JUI ) . ^ipl^l w 5Jj_j^ .jLsJJ oL»*^ Lliw la^l dlt c,;^ J Ui' ^J^l Mj 45UJI 
yi UjIaj Ojk; «_^^j Jy jj ,—tijiJl ^ijj^l »S iii ( dLu^l djU^I IJlijdi- ulUI oljjkjJI culS y U5j 
(26-10 pJiJi ) fct^JI JyJ Lui ^ b& ^yi L^Jjl? ^vl^j * ijjU ^m » Lju*U" jij joH hj\l\ cXt^& 

. J_?.|iiJtj Jj^J>Jl JUi ij>« CjIjjJU y4 JUj ylj JJ^ 4A^i ^i>i J^li i> i^Ql -iLu-L^J* yl) ^jiiiJ* Jifl 0>rf 0|j 

oJyi JJj 'i-U oa^j, L^ . ( 26-10 MiJf ) jj^ jj oliJu jy_j« Lu 1927 ^ J*iJb &^_jjlS^I j>!> *^5 Jj 

ii^Uj yjl^i y«J j-J ^>< ^ , ^ 3 7^! JJ ' *^^ ^*^ ^l *^ ^y ti^l ij*^' ^i" J! J** '^*J 
yji , uUj**^ LfAftaJ jillj iji+U HiiiJi iuLL£]l illy uii nj_jJl ^jJijj . . \$yA vj^ it* dl(,w^! ^y-^ 4^ 
Ja vW^ 1 0^ lii*J ■ l* ^/N j* jj^tj J JJI j* OtH^ 1 6^3^' y* JsSi Iji*Ij lijj jl j5il yl jli^ ijJT 

L>^ yrf ^ji ^1 yd yj ; { y^jSill l^llf ^j*j J^ ) W>W J^ «j^ Bji*4 'Ull wL Jj* jJ-eSt Ul^ 

. ^jb t-jj^J" _i!5 vj^' ^H ^j*^ lii *" 3 Li^l JI5-J 1 j^ 6 J*^ oU:!p**J! y* jUi jl 
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( 4frikjb\jJAjj4$}\ ^L>jll ) gjjiitjOlj jiljjl J*fliJI 



J^L> Ijjy-alLi i>iLIB j E (>j Jf i^ii liiflj < IjpjaJl t*3*J1 pbui'Jf j^-Ul 

Lt)>Jl iL^ljj ijji-Jt j^-C ^HA^I 4JLUI 4;Ltf v £i jiiWi .ij I JUiil rt^*Jl 

: OjSjJ Act V^ ^ 



0^>J ( ) 



f . ^ 
<*& all* 


,■ 







\ 

Bit dIK 



j^UAil JUJI 



= Acf | *v*Jl J) 4* 



ttUl 



■ 






Act i uLkll = ■ B Ac* + -J Eofi&f 







ojJj . it)*u a h-LAi j*) t j* jji— ji jijiii ***> &\i\ ty» y 

iJjUli jLi B* - E^k 1 - Pfcjuo tf L*j . 1 ~^ry\ *& jIjuLLI to jl* ji^j 

^ ^Uillj ^^1 feMI ,> Jiv ^W! J*JU ji J! Ijjfr iJjUif #£) 

i^U* jjjljj i^lJ^jj^" ifji ^ jh^UaII JUJIj jfjfill Jl*JI J-Uj 

tiUaJl |> 

™ 856- 



( IrtWiiyjrfiN Ctbffl ) ggj&Jlj jtfll >jji 



i V^**Jl 6-* jt-$ *j?j} J* _j^ 3_^J Ji jft IjmI' JswjU 1*1 . *^j*U Jjj^l i>jJl 

n n 

oU£J( $1 oLij dj*j . (W/itf) *_^. j« JSJ alj j* will SI *U*jj 
. bj>yi ma J-iJL Lp ( ¥ ) (22-9) j ( i ) (22-9) 6jjJjUJ1 jj hjf 



V 



:22-lS JS-i 



^ 



22-3 J^ 

iijjjl ( J* ill j L . I mW t^JjJjij I mm LfcjLS L,j* .^Luu ; \J jL> j.uy 

. A - JET 2 L^*Ji 

\ Be * £(i jjj "6%}l j It . J1> 
- 857 - 



( i^L^^I dUjJl ) ^>Jlj jiffil >iJ1 



10 ' ? „ = 1.27 x 103 W/m» 



^(0,5xlO" D mf 



J$ J^J / =cBu 12P.Q \ iJjUlb I $fi j,uuJi Ujii-i Ijij 



Of, 



w 












2{*gxlO' 7 N/A 8 )(1.27 x 10" W/m 2 ) 
3xlU s m/s 




= L07xlQ" 1t 7^ 

L^l Jj Be = 3,27 x 10-« T iilJJj 

ft * cSo * (ft-x 108 rays) &S7 x 1U * T) * 9.8 m 1$ V/m 

^jy^i^jsit^a 22-7 

Uj^Jl llJL^ Lij . 22-13 JJ^JI jJ US' **JWI m J^ ^ «j-»j« A (4 

i ( ^Al J! i-M &» jjj ) LajUlil jI^jI ^ olt >J { iiy **j* O^J ) 



41 



yi 






j — »^i *i|i j>a ^ J^aaJi Jtti J*S 

Ml CihI J j*^ J* J oJ^ s^J 1 j^l 

ill Jj ...jl.m.jj^h ol j^ M"J 
,L_k LiLtJl UiJBj . Uj^ iiLiil iiill 

LJ . $j-tyj3 jJJf & J* 1 330,000 

!Ji*d^3yit^ljJii^ 



, 22-14 JlAJI jJ !>JLi jiju J±e jJutX* ;> iW< ullsJl jftWi ^1 lisj 
>Lfj >AJU o_j*UL*j l Ljaii I ji*a* SjLj^tl 0-£*u ii^Jy _^sJI > jA*li J««^J 
J_j^ ^^ lSjL^I^ aL?0[ J£ j tj-a5l ^VH j-J-" tfl ■ jJ^ 1 J>J* ljJ«** 

t\-£*J i*JJ* f| i jLS ijju 4jjS" L>Jiw Ji>-U*j i j^aII lj* j)4 (jjl^JJ jil 'tfU*' 

J li^LuJ]^ *j_«jJl iuuj jJljJLI l jjjlfi( L^S a^lijij a,j^ Jo* 4jjLl) jj£j jl 

JU kltfVJ jiJI jiiJI J**ilj .4ffrf *1>Lj joJl t SjSJl rJ*- J5^ ^ j'j ^ 
-858- 



( ijMubfofj j4^i c*\>yi\ ) L>jiji*fcflj yJiJJI J*uJ1 







■iell 



OUI far] 
ijJJl jJ^ l^ju L^_Jj n LajL5 J_^ JjS'l ,> _j^i Lulj ij^ jj*j ^l ^yil 

ft— tr 

4ft r 2 

( jj-flll !>*■ liuy LfJIilil Oii iSlLU jaLiil i^j H oi U^l Ij] uUL Si j£ ] 



'l ^ 



/, 



(22-10) 



i-n £L^i i^^oj^i _^ jd ^ ulU( £ ua? ^1 ^1 ^ii 4* Jl^ I. Jl Q*J 

£|Li ji-aH flj Ijjiu t }U* * Ci|j* o}ti 4JLLI Uifilfl UjI jfj . jjwill ^ ljuw 



224 Jli# 
Ji^j u*jfi j* U M 1.4W/m a 2^-3 Jllll J Ljfr LS t j-Jl y 3^i ^ 

J= -£-; 22-iO^jUJl^i :*M 
4*r 2 ' 

LjJL^oiJl u^ljiSl Jju* ji l^fti ^; ^Vlj ^ill ^ 4LII l^! : Uf]ll 
. r = 1 .5 x low m ^usjj ^1 j^Ji i^ij ^ jjyj 

, iijU+liji^bJl 

P = I (4nr a ) = (1.4 x W/m2){4^)(1.5 x 10 11 m)*= 3.96 x 10« W 

1^^ jtfjj'j jwjuijl |jjj iiUJl jJJ ijiA+iJlj iyiJ v5^ ijJJ i^UJl jilju ; ijJj*< 



-8S9 






( S^jWu^iJl Otfjll ) gj>Jlj jittJI j^AJl 



^juuJi jijfti 



: ^ ijjli &j£ ji ^?>! J-^ 1 *J* 4fl J^j j^ 1 

, €y j /JD j^OjSJI yAul^i ii^ sj-aJI it— i 0* 'j^ j^ il' ^ 

i 

ujLaJI jJtSES j3ly ,> *^J*Uj4Jij^iJ* ol^jll uilU^wl i^ 4J-o} iiJjiaf *-j*ij jl 7 
ijjlj J_ ; jJH t-j-ii ji* , *Jjljtl Jlj*J i' ;Lf^ IkJ^ lj£Lw"i oLj-jj JUiSj U^JjLi- ^ jiflj (>tJA!j*> <Ju»j ^1 o 

. 4JJi^ oLL*j jj iSjiiil oljLi 1 )'! Ltilfl ^3 .,&u JySj ^Jj j1+j»- y tfLC 
Ji Ij>j1I pj_r jJjj j!j , JjLu y^ j_? *^»^ll I+Jijjji kjrt* L^jtLitj^i iL>Ui fiyV mi ^ j' 9 

. 'ih±~> ^L* ,y £*^ ^-SJl pip\ dy$ JJ* u' 12 



<W'g Vj5 CjuIjjj ■Ulii.i ol^>j 



c = 



JOVt 



;a,998xlO B m/e 



(p) t^ifi iej-* 



: v-jLI ^5 J ^*j ^Ijy^ 



»_* jjjili E JL*JI jjibj . / jLj <iurl_j/ Liyfj i>jJi ,*j jjjjuj ^^ ^j^L*^ 4L_>I^ L_uLLi* i^L^t jJjJ jS*j 
dtp. i 0>1$! jLwJf ^jAmm Id . £]**; . LL>j Ijk^l &x*t /Si J± <uJi jlwJl c£+j Cf+y 1 
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( V ■; u '-"jjJ <u i^^-jil ) uJji*J'j jj^ 1 J*^ 



W^l^Wj^JI il^jll J j-^liiilj j-^J> J*Ml j^ ^ M 



5,1 



3IUI B 2 6£ S fK a B 2 

+ — — = f ^ A = - 



Aa^U«j^ 4>j4 ji 53tJ=Jl 4JLS5 



(ft ^■ui-'ijjujj^iJI ol*jll »j* 



, 1 c p 3 J 



2 ,«c 

, utUI &, ^jLs* d^$> £&* j4^) j&& 1 (J*M J' J 

T 2 



j^jli f iVi-i 6i oft* j£.jkHpJ»J\ji*-&*&niJd ^^ # jj^Lh * jI j M ■ fi * a &I 2 

? (JJfj * r &j4 JJy*J JLjl ik*« jil>* yLS iJ| l* J^ 

^>j! gj ,i^ J Jjb-j ^ ^ij ;!#*■ >1 ^J #-^> ^ jI j 3^ ^>^ 1 . ^ Liiil ^ >^' ^j 

, Jj^Ji j+i J^ cm ^ jji JJ^ ^ tJ-Ir jU* 5jW^ ^A*J 'juMI jtlill j* e^ ijLL diJij '<i r JL1 



)L^Jl Jtf 4*^ w*l 



B61- 



_ 



( (LdjfcLijjjjiJI CjLfrjll ) yjjinlij ylil) J*siH 















^-4 jj— - j^£ jJUi' ^jlj_^ LSL»I jijaj ; ijJ*Jl JusO ( j^'JJ ) j^rf^ JLj jilt* ^j *J*Jl| *jj i M-a*J j^Ju 6 

jLLJ jJ ^•■'- "'i j_SVl j^J3 ,-, ; ^ ■■ Ja ? lj£a Lfii^L, j jJi U . li» lit. ^i LpLi ^\jri\ dfc j*f j>b 

? £ytfl Ij* Jot J j^L^j 
(JLjS , ( ..i_fjj^l! ) iLSill ^L>jil jl if jJI il^l tib-jl tpjjilll Ji* 4-jj-iuJl toLJI J*> dJl yA*ji illifl 3 

oLi.34 i ( jii JLa ytf l-o J ) Jjij ji ijki jii'l *uL> Jl jl ? oUjll jjy jls yi^f ^13 j Lie I jjji ^ U 

. d^i j-^1KII JbjJl 4*iw L^JJIj ^ ttffiJJ Jj* jO*2l JL^mJI «M j*ji . 22-16 Jiiil Jj pj 9 

. J^iil ^^1 JL*Jl *i*^ ;*% P JLUl is ^uLLiii JL^JI jL^I jl^-jI 22-10 J&JI jl gtjl 10 

fcft L^U j-ajtUill JUvJl jL£ lil „^*^ Jj£i 22-6 J-S-iJI ji i^jJJ j-^kUill *>*JI j>j &b>l ^j Ji 11 

. tfj»ail ^-utUAil JbjJI y gtfiJI j^l JM **-Jdb 5JI-JI J*i ? ^jr^ 11 jtjt^\ *M 
J-uCs j_>U jjj id Js J*j> ^ liLti ij>-i]l **-&■)* iji i/JJJ u* »C2) tj^jflijuMj^S ii> J ,->dl J^JaJJ IjjJaj m 12 

22-4 Jj 22-1 ^ ►Lril 

j 120 m (-J-) j 12 m (uj) t 1.2 m ( i ) : LjLj-jj Jljtl ^< i^U^j^l oL>^l j^ y>l> 2 

v ltiOOkHz jj 540 :n Jill ^ L>!jjy Ufj[ AAf 1U* JL^I <Al JJJI L^^IS Jl^l jj* 3a U 3 

108 kHz J| 88 bt&Ui-Jffp cjIj jji L*^l FM I^j* LJbJ L^LUU^' ^L*^ L*il JljL^Jl ^4* ^ U 4 

? ^I li» jjj; j* L . 5,5 x 10^ m ^»J 
<WjLa*jj^' jjUJ OjiUi jiil i#jll L ( i ) , ^!u» ld4 km jjm Ji i*ljl ikk* IjiL ^ iLJ j^ljll jL^- k^i 6 • 
u^jil Jl^L^I Ji* Lj 980 kHz ojijo j^J jJ* J**j ik*Jl «*i(S liU V Jjlf* Jj J^" ^i* *1*#II &* SjjLs 

. 5 x 10" 11 b ijiji* 3 |jij jw oa^w ii*U jjLc |> L^-iiiiil .i*j JLS-i^I jLp Jj tijjJ ijLw LU^ jblj ii^i Ju_p 7 ■ 

iij^ J? JJ£^ ) ? iJjj j_cL-jj jL^ii^J jjfjJI %tjy ifM '<p*'J\ ijj^l j* L . Jwt; ,> 4,0 km j*j ^J* jl^Jil ^ 8 

. ( 340 m/s ojjJI 
. 1.9 pF vi— Jf i+Jj 6,4 /iH SjjIjII ji 4iL>Jl iv oili' Aj>j k>iil ik»j i*dU ^jlj jLf* ^i 4i]|^II ijSb iiiL^ 9 

? ^^1 L^J^ ^ Lj (v) ^ ) W LjiLlfli ^iJi oL»-jJS j-Sjj y L ( l ) 
^t jjO>J Lilljll i JIj ^,\S IjU , 840 kHz bJjL jj_/ jie >0 L^ lil *k^ iffiTi ^jtj )L^ ^Ai^ 10 

f 4k>Jl ftjalsla]^ La^ljj u^ljH Jjill u-. j* Li t 0.01 mH Ujiji* iibsi 
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Lj , B.O/iH Itjfjlt UU* aji>a*j djtjiJsJl jLfS" «JI>* SjjIj ^=juL^3 96 MHz pJ U iwu)^ aLU Wj3 1^ II 

>ju j> Uji^ i> j^ jjJl it'lJ, I Jiiii ^ .^ii jj-jI . 3 uH ujl , jLp. jjJIu ijib jJ lJLi iULu ,ii^ 12 ■ 

. 108 Mil: j ytJ Mils ty I, yj FM oIjj^ Jjj J5 ifeH 

22-5 will 

10.0 ffi/3 LajIjIs i*^ ^liAll Jjj fi . if = 0.85 T j^LJL. yy^j JjL ai* ^^LaII JL»JI i*i iit 13 
? ■_ i jrttll Ji Jjt L^j jjj U jit U ILi] ju£ i' t »'i.. t |l jjj^ 1 J^*Jl jIjju y !* ( i ) , Jjt « AtUu iL*Jl ^i 

jjj 5 j-jJsLiiil JUJl 5jw jii p = 8.0 m/s 1*jIja> I^j^j ^JsLill UU dj>i 22-10 J&Ui .y *ji ^jiil 14 
tiaOL ^> >j (-) ? Lj-jlj jLill Ikhlll J A UdJl jj tfi #£Jl JUJi jIja, U ( i ) , 0.6 T y rfl 

$ t JlLJl ji *I*Jii **£ S x 10 s V/m cJtf 22-1 1 JiiJl y P iiiiJI jj ^^ JM ixi J ^il 1G • 
& jljill li» Jflj ( v ) f P ^bi^l jIc ii l >0*ll ^^jJjLail Jl^Jl jIja* U ( i ) . n = 6.0 m/s c^li' JJJI U™. 

f P X>£ t^!: l \\ JL*JI tl^l j* l* (-*) p ^-LJ J^-j ^g jii' 
Ujtj-a Jj> JJ JSill ji jtf>JI . G X 10* V/m bpjUJ lijljli jjlj* J& y^J ^ jjj#£H Jl*Jl "wut ^y 16 ■ 
? iiv^i *U£ (rij+^ l< JLaJI L*jjw to JJtf B ^j^lJwJl Jl+Jl j(Jl^ *i L) [ I ) . 7.2 m/n lijIjL 1*^^ i^jli 

j-j^-Ul JL»JI 4j.jj ix^ ^s Li . LOT j* i^jtLuwj^S l*jHi ji jn^UIl JL^Jl L*m I^j milS IJ| 17 

^j5I . £ = 8.0 x 10 i cos (G X 10"t)V/m . U;Wb W'^J^' ^ ^ j<^l JL^I i*i jU ti 
vj L. ( i ) . 5 - 4 x 10"" ain (8x 10 s tjl ; ^JjUuLf ^« i^iliij^ oj-« ^ ^LLUi JUJi J^ 20 1 

? (v) ^ y>-**Jf o^l Ch^ 1 
1^>U ) 4UUI o- V >'- ^ = T"/4 JJ f = U ^ S>UI J^- (20) ^ ttUi y 5i*Ul iJ.j.j^ ^jl 21 1 

, ...jU 'iiii J'L^ili LkL> ju i> j^" iu*v ^fjy> ( A = 10.0 01 s 
, £ = 1.0 x IQ-s gin (3 x JO^V/m : "JL^I ^jL*1L ^ 4^1*^ ^ y ^_^l J**JI i*y d*y 22 ■ 

V y*)#SJJ JLaJl ijkii j!« L0<j ji »ftj 40 cm Oil? ^ja* v^ y ii*^ J.j, j 

22-7 j 22-6 uLaJII 

y*j«LiJl i+J&A* LwL^j J^lifl lyliLu-i jjjJJi ^j> Cvtfj > ifLuu iJjr^ j* °' G0 m ^ °J-^ jV P^ 1 ^ ^ 



M?, 



{ dj-^UIH.jy j<M lHL> ill ) ^_i fiiJb -jljjl J^jiJI 






^jfiJl jjLjJI j_s J_£J i_uiJi. i uiJi j_^j[ . ajjjii Lui> U^ ft-t 4jj£+ LojjJl jl jLjisU , O.fifrram 1 

. 3L»j*ll Ji Bii j Eb ^^Luiilj 
<_>JI £ jUL . $8 m U^U LiljkJ L,>* *^a Jk 4000 W tijjj ^t^ Jj+ S' iUil JLtf jy ^ 24 

, l»j>JI | jj Jfrj j i'l'i | jju^ i_JUj-l . 1 Jj&U. OWJ^" i^-M !> ^^-* 

^jj^-ill jJLjJI jjjLjj k_L**>l . 1340 W/m* j_» ^jj^i jj. Lj Jj J_-»j ^jJl ^**iil fLs^l sji kwjb 25 

4^liiu d ,; 'j r j j ^ 4*u ..Lr.ill. 

^^-juJsUuLllj ^j+i^l j^L*JJ iij-jwll a .saJI yw>l . CiUb»J^I *j*v ^ iUJli^ 25 W Ipjji i*Uj ii*«< *£3 26 

. iWJi j* 5 m (i_j) * 2 m Ujiji* «Ln ^k ( I ) , &^ 4^31^^^' l*y 
j-i^j* ^jbu wm£[ . 4.0 10~ in W/m a DjfjL U i 1.4 MHz UjjJ :jjju l*ljj U*>j &i SjjL? <j»-^ Sit *JjJ 27 

^±* £*j« (> jj£z j\JJ! iij> £( jLljL . 1.2 mW tijJj 3.6 mm 3 j^J Lj>l ^jalul! aLaII b-L* aLu 28 ■ 

. iUvJ-JS J5 Bo )Ev ^uJjlUilj j^SJI (jJL>*^ yiijMaUl jjjJjrJIj i*)*)i So*! Jjj-jI ( tJjii* 
jit jiJj Sj_^ *k— j-ii i hl'n ?i*i)'l jl jxlil . (55 W Sj^ij M MHx Luj^ ^L**» j*Ij] Jl— ij| jLf* ^ji 29 
Ua_j Lijg Li (k_j) f JL^I jl^> jf 12 kni inJ Ibii >& oLj-iJl oil ^* U ( [ } , L*j5j^ jj* JL^jJl jL^ 

f iJsJu'l ota Jilt ^jwtUClj jjj+^ll jJL*+H jI*m 

jj^l jl_tJl 5-i_a]l iii Ljj jjiiLjj ^jj| SjwII 4j_uJI Jt L L 4Jj* ■_' ''"'■- J ■_" ■■ jj J^~* ^-LmAj ^JU*y JjUU 30 

¥ t+i* 9,0 III JJ^j oj>' ^WJ J! ilj^sjJ 1 o< 10 111 Julu ikSJ ,> lifjAJ I Jl tILajJ 1 

h\J£ i_Uj 150 W Ljjjji StL-fl! <U^ t > o* '^ m ^^ -^ f^ 1 * idi " r^" -^ ^wo*^' t J*^' ^ v -1 *^ ^ ' 

-v -til j Li . 2,2 W/m s ^i >^^<Jl jjSjj Jjii ic^j^ j- 1 -^ l^ ^-" m > u 4? '^ -^ 5_d*l^ t jjJI 5iS jl a^-j 32 ■ 

? 5.0 m pjj*j Jaj JLe o^-u5 I3J jJ*a1I ,_).*« ji SjjLaJ! 

6 x 10" 8 T ^ ir J 3 bjUi Ju+JI Lu CAi h i J IJI 1 U ; iaj, L^liUj^l Ai*^« J #Ujii'j !^Ai ^11 fljjlll Ja-fji* v-j-l 33 ■ 

. jJmII ja J m j*j jl; ikij jot 

, JLrjVl jlf% ja 2D km {_>). 5 km (o) i 1 km ( i } 

¥ iiUl si* j* JL^I jt+jf Jam f£j , 16 TTiV/tti ^a jiJi lift j£ i*^Uij t tiuu Udj .li* ^^1 JWJ 

j' ultl , ijuju Iu*jjijJ^ iL*^ ^1 liwi LujjUJj oljLij JULwj 22 m ?jjs3 jAjJj ^i^* U Jji* ^J >j > j.» < j 36 ■ 
Jl^i ^!j t i'fl =0,1 mV/m ^juu 1+/ -^j^SJl JbjJIj ,. , WjiJuj *JLaS# W*. l*^* ^ lu^JuJlJl SjLi^l 
Lii i^>[ {u) ? IjvjJI jj 1 ^jj s sljjill JUj^JI **- ^ Lj ( i ) , iijiUl ^1 J* jJUI jLiVl J£ g^ 

. ^Ij^Jl 1^ li'ni ...i j^iJl 1 ijjill (-+) _j flul^l 
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J£L l il jjJ'il o-lnti< J-jj 1 lis J LjLLtl ■'■"'■;■■ 



t \Ji\ L^LJftl ',! 



Jl u* 







tyJl »j^A* 



23-1 



(ji -J Qil LjI i Mi . tj^iiJ i^JuJIj <^^jj«JI oLWl jk jujw US * tjjjJl 
Ijj !>» (tij)' ^j ■ fU*% Ji'Ul oj jjSJ Lc^ r Lib iJ£ yJI U^ 
J_>* JJi t> JI L*l* Jj» JljJI o' "*j j^ ■***! ^jL*Jlj j*$l ^ 
Jj^il J**USJ! ,>« UU* LJjjjl jJj , ^jJjJI jjaJI lm Jjlli ja^II ^ Jif 
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{ FjjJI jLiilj jjliwl : <LljJu^J Ob^aJl ) jjj^jJlj *UL*Jl J^si'l 







« 'Lj\j^I _J CjLJ^iJL * yiLiJl JUil ^i tuJJ jSJL* uj j£ ^ijjbJl di>jil 
l ^a_»i] Uolf is jjLjJI ^jiJiUJl > ;iU3 La ji'i ijj-ij jjj-isllj JI2J* J-oa^I J 

jj jU ,> 1jj£s ijrfJl jtf IJI Ur JljJl Jj» jj^J j-a* ji J±^JI j£j3 Jii 

I 1 P 

Bj_£s Jj jj*jJ JLi Jj . la Pjj jj %fr>JJ 3_y»U> ij) JM ■ mb^Jl i* jl siLu>*g*Jl 

^Uy *jlj *J , ol^j Oe^e-S^i fUw§J ^i L_i IliLJI *u£j, cuISj &U^»*H 
Jl-^il jiJL ij-rjiiu j_a iuuJll *j^aJ' ji L^_^Ji ijjjfJ r^ 1^03 *U ^ 
Oj^J rj J0 J^jj , j^i»y ^'j 3 Cm ^J^ j 1 u^i j3il ^ J 3 ^ J^-Ijj 
iij^_i Lwjir yii_iJ1 j^L ^ cj_ju3 J , jij^Wlj ^i J' jLwJli ^ Jj* 9 ^ r>y„ 
OjJw ji ii^s-j . -i_j^-)l ^J ^*— s*Jl *j= v — ■ 0-* JJ< M ^iJ tUj -J J^ 1 'J*^ 1 

jji ji u-jai ^ fe-jll ywi ojU liiAj , ^1 Jj ^ iliti kjj ij* 

. ( jj^lj ^UJI _L*tll ) Jjg-SU JjmIJ J**J* 
jj jjjjj Jjjj Jy$ tj*U ftjtjli UuU jLi 1%0 .Wl J|i>j C\ J&6 jt Wj 

I SjfUj mj J-jjJl Jtftij jl 11 j . **lj jUiJ jJU <J_J^J JJ S IJU* 44-tfU lHAjj! 
u-ji£ ■'^" jiij ill . losvj Lnl JJi JS 1 dnfi>Lu«t ^Afij 4iLuil uu£ itj> .j* 

J 

L»;JiJl .^ia_^Sl 6-» cjUjjJUIII jA& ^4* 1 jj^j^^ill jj7L HijjjJi ij*HJl 

*J>j_-j| L»ii£- l J,;" f -" l ; 1 ji J* 190 D »U ^-v Ji^J 1 **^all U>J^ i^*! j^l 
jJj o ! jj_^JI ^ jL^i (>-> ^ u^" y ^ o^jlSJ'jIl ^ Jflil; *$j}\ jl CjiJ 
*j . ^jJuJl jj-ill J^i #ifl IjjJii 0#k UiUt _ jAsJIj ij^i* i^i* jl UJ-aj 
^Jl Ji Cj^>J JlLjw Lajjj ( 4_ >iil Oti- 1 ^fajJl JtL(J AjLmi* JjJ" ^ii*J iil SjjJ 

JjUJj lJ^j , ^Lj_jJjiJI ^j-iJj L^J '&£ "i jlil iLj^JI jj jljiS J^L jj>l 
Il-JL L.I . inj-lJlj ^jLJI J-aifl ^ JiS'i 3j^jy »yJi WjJ>ll i*Jt^l ^ 
fejal^- jj W 6^i! Jd\ «jJJ1 ■jitji* jii yfjS jj-J i LutiJI iJLEill J^iJJ 

AjLuj jlj_a jjj^i JL*n oU 4i^tLwuj jjfi L^b-jj ji ^Lui^l taltjl! 
. (JjUJ J^i ^j U Jl. j^ U5 1 jjfAjj*** ^j j^ u^^" ^^ £* 
. ( 23-1 J-iiJl ) 700 um Jl 400 & tfail ^ jSjil *jii! ij*jll Jljfc^l a*jj 

ji ^ s_*yi Ji^iJi (> ^jji ii* J ik>% (22-D sJjL*:i aij^^b u&jj 

J^^Jf 23 2 ^LUl £j>ffl . 7,5 x 10 U H* J] 4.3 x 10 u j* oIjj^I ji* 






Ji (am) 

. +700 
^1 



W)il 



J '' ■" 



-j-lZr ' 



500 



1-40(5 
' - ti^ ^ni: jjij jiu jj> 
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( *jjdl jLiJij u*li*jl : 4jwjlfJI jli_yfljJI ) jjji*Jlj lidtill j-jjj) 



LSjliK gtfkjjl ^-tju£ cuUjll 6ifJj |ji*_j . jUO^Ii sU»jl u inifii q.yj 

Jj-<j . LuLaJf sjj l^J fJ J\ ^jk Jai* irfi^Ljl oUjILJ . AjIImU Ljj&l 



:23-2 J£A 




tpilfej* 23-2 



. 3.0 x W Ws ^ijll Jl SjU i*Ji U^jc- 299,792,458 m/s ^ fcLdl Lfui 

-j lJj-JuI . jjill C$X> 'ijjl 4*jjJ olsi wJI .(La j&J sJ^jluJl II* jjIX Jj 

yl5 oaJ , jlwdl [jJt J* LjlflJ^Tl JJ C Lj-UaJ jjjif o*ijL>j o_j- jJj . SJ-1 ^ 
J .Lis muJ >u£Jj, iUj ji J-ii J. t siiJj UjL* fcill JJfjty •> li*(j jJLJi* 

jLeii J_*U yflj'ill y^J 4#*J i£j*!l jtjj jijLjUll ^iLiJl ijiOJ LtJui 1675 

Sj*ii . L^L" 2.1 x 10 3 m/3 bj-j JiiL tjjJ! $ *IiiJ ■±u> . tfjl&ll u&S 

Li I , o^j^ j^ J-^ ti-aU 4j»^xjJI jtt 'iijjil J| jijij oLui J LLvl' Jjju 
^jj Jto^U *^iJI (tijiia,! tiDl' i>}Jl _j}J j-",^ 1 J^^}^ 1 ^^ ^ 1849 lb J 

5 H , i ,T^ " U-^l Lji c ia^s ojli* . 8.0km jJ^>J' ;>y -iiUli cvli* LjUjj vji> jJj. 

Ja idiJ _i_kiui j_^i Ij| j f j_iill , c = 3, 1 x lf)6 m/j5 ^j j^i ^jL>J 

r. ! ..M l /JLj 1 - 1 -'■ J i - -J * - ' % ^ uJL i I ( i 




Lit j^ iiH ii jjiyi yi D ^iUJI ^ LjUjj ^ Ji^b dxi, LjjwL ^sl| iJU.^1 y»j ^^J5jU jmI» j! i ^y*Ji ^ 

. 7Q km Lit jjuj jjJI ^ — iLj Jj*j ( lsJL Jj^- j"al ^-uj ) ^JikJI jL Jfj 

j 

liw^u U*«j 23-3 Ji-iJI pJtjt IjLf^ uWijli tdalJi , Lij^iS ^i jdj i**^ 

tsOAuaJI ,T_yiJl j— j l_JUt£ll ijlS Ijjj , Ji^J ( J f^}* ** ^ J^V j" . IL " ~LI 
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( tuiul tlnujlj lvjLSju! . JLwjJ^j J I Oj viiix : l ) jj Jj*Jloi CuuJl J^uJI 



(10 fl m/s) 4*j-Jl 



k\A 



589 nm rf-j-B J^ * »«&! fc> ^^ .(j^j ^ 23-3 J&JI J L£ UJOJI %]w-JL> 6*11 *^l urfjl Jl>* 

( JlJl ja La J IS ^iaIH Jl JutJ-J fLuJl jLS lid J I jjj*JJ . (Jit* y> Li£ Jljil _pv 

JsjJmJL jJiLS ,wp j| -Uii Jj> jljj JjVl ,jU_jI| jjii Ji jj£j_i tjjiiil gi "i'l 
Jl j^i J *L«*iIJ J^jl lj| U . JiLiil ji* y^ (j-Sid) jJ pLvill jl j\ i AiuiiJl 
-JjxLjj ijUl b-i'J\ Jl> iU 3jjJ .(vj j^jI j$ *_*£Jh ujSi jl jj^IJ iflLiJi jj* 

^ ISju^j i 23-3 JJ^JS ^ U* LJJill i_jk*JL -j.il ^\ J ^i a r 

p|_puiJl J->jy jl Jj k_LfliJl jljjj <ej_^ jjjaJ j-J ^j-LjaJI kj^LJ j ^u* , ljj ;j 
jUl j_j)ll jl a-L*J LiJli I ^IjjjJI Uj_J UjSJl oIa iltj . did— ^ N J! u-^ 1 



2.99792 


E 1 ^ 




2.9H7H 


►tit* 


2.20 


44 




£.20 


Ji^ji 




2.00 


iti$t 




1.U7 


jjiji E^J 


1.8ft 


LliJ^" 1 J.H 


1.81 


ijili^lij 


1.24 


(jiaj 



, 2 .0 Lijljl) LiL-n ■ l^jj ^£1 f-j^ ^^f"-" l5 jJI i>}U jL*j ojjj 1/4 yjJCLaj 
, 2,99796 x 10 s m/s ^ y-ill kj* ji jjJSjL, i^fj c4*l} ij . *^l ^jr 

^Liuu-Jf Ljlju j_S C v_J^Jl 4£jJ JJLsJl JjuiJl ijjS ^l wjbfilil CjJj^-1 j*J 
. jjijULj ■*' *;' 1i f^-isU JJ^ijJIj jJf-jil JjJaJI oLLji »'j>j»iib i, jJjAaJl yjl-l ^ 

^^iS< ^Ijll J^u* iOCj^ ji ^^ia+j ; pljiJl JiL> d lej^ ^L t^j Jilyj 
_ il jJII ij_t L^j _ UIajJI j1jJ( JlJ- •J*^ siilj yiie sj^Uj . c & Lwlj Jil 

U51S S3-1 JjJLjJl ^^j . $'j£ I+.JJ Ojiil jlCj *jjJJ jijll JjUl ^1* iaU 

liJj>il jl_jil jj t^Jjl <tjrf »j^ 




ft a*dJI jjLSjuI 23-3 



. <LilJ! i ij^-Jl iL$_ju%Jl 4_jS ijJ^w iiUI sLvJll'l ^3 ijj*vjil ^+^"3l ij^J 

l«_JUI _j JjuJLj Lujaj LaS' Sj^^I oLfiiJ! ^k 64jLhL> U5tj Uiil J &*%) 
»^L^aJl jl InJ,^ i> ^1 ^jjj iUij i^jjl ^£j> J-flj jl »i lh A^kwj . 15-1 



:#M Jii 



I+«jJ jjijiOl j* JiJj . 



y-*jA»iJl '%?*£' ^' ^Ui;^ Lj'il. <4>3i< ^L^l J^i j^ ^i'23-5 Jiill j*^^ 

J^1_J bjtyf JUwi jjJl jjIjJI Cw oULtj l*>jll oL^sJlj . ji-»il j* *i£Hf 

L^_JiaJ L»jll oljJ^Jl Ol-J**^ ^ . 1 m J«Uj jidJi (jl Jj iiJJi SjtA •- 1 

-BflB- 



m 



( tjjj} jLiilj ^1 : ***ii*J 0lu**» ) ajjiiJIj ^ >*Ji 



jL«*H U^ jjj ^uuJl L^*J L^lj# u^ jlii i^ty £u& 'w™*^ 

. "^.yi ^ Jii J] j^i jjJl ky~A ] ***$ ^ JjI j* ' ^ ^ 
&UJ1 jj* 5iiUU i;, U*li>! . j^ij* JJ "^jlall 4*jll kj* Ja^ i£y 

j_£_UI ) cosft = t? L /u j ( ( i ) 23-6 Jiill ) IW& = p> iil* 0i? j» ^4 
tjiJl JLylj <$ t ^jU* tcoa) ^1 j^ &' ^»j * fi b*i • ( (V) ®4 

^jijl il Ju* Jk»^j , s^Ui ^ is>^i j» ^ ^ ^r 1 J ol fl 

ili^l ^, fjj Ji ljAM> i^Il'l OJAj , J^ 1 A^ ^J^ 1 *£jl' Li' iW* J> 



:23-« Jti - — 



L j '■"■ ll ., l l 

I'^lj^.U:^) 



^ 



if-jjLui 



' 



) 



4.M.-S 4^xi- 



:23-6J" 

^ jjl j j i#4 *J^-J A+jJ* ijiJwJ 

. r aim WJ -jw i ij^ 



L^ujl iL^I *X 



J 



/ 



f 










/'iLiLJIftWfiJI 








^IJullI} 






( ifhil jLdJij u^buOl : h->ii^J\ ^jLjjJI ) jjji*Jlj iMifl JjiiJI 



ijjjil JLiii* »uJU uinlli £jLiLcJI iiiJi jji , ^jjJ 1 IJlA 'jJUj .jb^u 
*_^l aJLtUJI ULj? Liii^ Jj jj*j ,-UjUj^I 1i* A*rf Lr *i'iii*j^itl flaJjlU 

gJUJI ^ iiy* t < 1.J 23-7 j£4ll ^ $tfl1 ^l&fll ^ giH Jti j*-y 
JJu LO>Ji jJa-^Sl U . UjTj4 £li*il : iT^ll JJU ^ Li' ill* ^i.i ^SUI 
23-7 J_^-iJ1 jJ ft^tti JjL&il L^LlO* JJ jjjj l*Jl* IM\ 0^ jl jj^ 1 
Lfcil jJ* *k»^l dij-J 4--JL j-iij ^liu^l ijiH jl ;> pfjl! j^J ■ (v) 
UjIjjv ,^5/u L*iSl J^ *UUI j*i A->^ J< 1| ^-*J [ SUjaJI ji Sjjk 

, ^LJ k, Jll ^tjl4l Jj i> 3iti- 




J — $J* (Hi f^\ ji ^ ^ J^J ■"* 

jLj j^i — i'Vi Ufrij Ji 4*1 j3 ^Ajji**t 

■ JjiH 5-Ufci- ta^ 




^jUILIjI! 23^1 



,-.i 



:23 7 Jtt 

,_U <u!Vl Ji Ifclftll aLuJI L>4ij4J 



( oJj—j 5?jj jl ) ^jL-m £l_j— (13JJ JL5 "ty JjLlll — *j . Lljl! ik-rlifj. jjJI 

u liLi . iUJ it**j »^ ts^ Jfcji i ^ js ;yi ^ dj: jj lii us 

jyi JJi- «LJi jdj jit *iJ cwtf^ US j^J BjjJl jLi ^isJl jij . SijJf 
Lr uj^ ^jJI jjjll ajj« ji o^^ dbij i 3?^ ^Ui U U^* ^^j J il:i L_.fi 

fljij L txjJJ Jaii jj_fl*S JUaJ v^>J' Mj j* Umj Ji uj . i**^ 1 ij^p} ^ii^ 1 <; 
Jl IjiLt jku LsJuCj r iljil* 4*il Jil jj 4Ju3 y »-J-cJI i^ Uyl Uj jjLall 

b& tfr* i »'jj U aji « ( r J 23-8 JLS^Jl ^i 0^ ^* ^ ' ^' J>> 



4j^1uj 3-^ 






:23-g JLi 

. o uiaJl S v >o Jit iiiAfl 




I* 



( »j«UI jLilj ^liiil ; o-jlfjl ■»tj*JI ) AjJ/Wtj 6JI4JI JjOJl 



Ul . dUjs 4Jj> J| Jj-i jDlj ILiUl Ji p jjS^ j jj| t *jjl ^ JsSj iJjm 
.LUI ^ Li ( alp IL-iIjj L^I&JI Ji£ 4jj^JJI uiS'l i+j»l ^ JJ jJmJ #gj 
^_, 1^_l, ijki ^ t,jia oJlS^I US iubS'l a jit jiJ^, ulille jls (y) 23-5 

^j-j» 4jjs— J L> jj* (y) UU— y jL&tJI ^j *J,yJI ^hJu'l djjsj . oijil i_il> %£ UaL 

^i t dIjJI J_l> ij^Ly ijaii Sjj^s UJ ^fi\Ui & iWj J* ;j , m|| 

j*4 sliJjj »— **JJ |Jj_>( JslX (j* ijjlitjl <UL*^)| arfjj J* Uurf jjfj . oljJU Lvjliljl 

OUiyi JflA^I Ji Jfi iL L«idll 4*ity if Jljjj slLJ* ^iJj i Bjj-JI yjj j+( 

. iLiili ijj-Ji ^ijii .ill j (w>ji Ji 
£M m^i cJLi . (^) 23-8 Jftffl ji i^l jii tjJI&ui\ ijiB j^ % 
^*15 SjfcUUf JUbJl OjiJ iu*j i o'&LkU IMP j (WF ^1 J ^LJ] J#J 

ijjrt? Sljll »*<*3- 4^jil o*i jl -Lji jji>J "i JJJIj ' j*-*JI iM vy^ IJ* j*-*;) 

J_i*l I jJ Lw I , *Ti| uil* I d-lsk£_Ui ok 4C tj u iJjj ||^| 'k»La JU , *~sJl .LjJjJ 



^ii^ijjjjijiwji m 



QykXijS 




, J'j«l-^ LOb "y-jip LjjI Ujll LI t 'ju«> '^ui Ji j Lji-ul U Ji 

Sji' rJiw jJ ^t^Sf! ij-f OjLj> . ^i^Lx'l jl J^-jJI t-LJI 5jJL>0LyJI l^l_fll i)l 1| 

AtLiuj ij—ill \i j (jJij u5 jJ1 PA JsjJ I jJwjj , 23-9 J£ill (jjjj L«£ i Ait>a 

jj^JJ _jl>I J! tJ^-J^ j> t ^' j A '*',; ji*) . Si loJLI — jjijjJI j4>jJ) L>L» u 

i^i ,>j y*l»il ij| U i ijM, bTj-ji jjj jyi jii ( i ) 23-10 J&JI ^ LJ 

. Li*4 alj* jjS jTjii jji (u) 23-10 Jiill ji Li j^jliJI ijSII jj*- 

i^>y Jja; jJuou ,>i ijli »j*eJl (jl 23-10 j£jJI J (jj^il a^jJI ^J Ijjfiil jj 

j_* Lj — iUaui jS><jJE j* Sl^ili >i t ijjiiL &TjJ _ uiyi jjJwJl iL^L Ji^; Jl Lj^UiLI ifci^Jl uji ( f ) ^\ 
fk-« u-fc <-*JM ^^j f 1 *^ 1 »Tjj ik-lj^ "-*** LLi (> .j'iJf »jJJI y I ^1a^ jjll itsuuJl ^j . ( 13*11 



;23-9(^ 
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( H^Jf ^USjij ^LSui : >Lwjj^Ji o 1 j tasuJI ) j^jiwJIj cJ&FI J<uJl 



(J11 _SlU| f J Ld]^ ^ i yj ( I ) 

,>L_<i /•' ij) ^ i* i ju* »] j* 



Ljai-d IdU 




1 k 




R 




i 


i r 
i i 


^ — 
i 

i 


> 


—i 


s £*i 


-*— 




hA 






— »- 




~T 









JJ" 









cUjfw j^j] 



*J***( ' ) 




:'J3-11 Jii 



iwJJL DjLJl SJtfi jl } ^J>JI flljll Sj^ .J* *i*JJ' ajdbj i Sfjil (jl> alt F iJaAJ 

_ Oi-f^i u-i j$ ij f 5 jj^i *^j *v ^a^ 1 _iiiLj| i>w ***'y' ^ LjJ i i ( ^ 

( L»jlS ) 1&3Lj U^Ui jjJLpI . 5jjJj 5lj_l ^jjJl iJ*aII J^**J U t)#l L^asJIj 

CA -JUdJl- , 23-11 J&JI ji A iLUI i* tljJL ^ C£ ^Jl J>s -J l^jlyj 

22 3 j^iJl u_» _, £ jjj . A Jut iljll pkj Js- i>t*lt ^j liJj ofjll jJw J^ ^ 

j^ij jjtaj >y^|lS t 1 *^ O^J J^-uJlj JajLJ! fbvJjl |>j_j Jj^A^Jl Ljiyi iTta iij^ ^ JJ ^liulll ^15 J 

^ ^ S> *£> ^Jj£ ^JAUM\ ,^ uSiJI ^ (trill $ Mj ■ iiJWl jWl > fWl 

. F L^l M jJ^ ^LS[ j>*Jl ^ CA k>Jl h ft 'jjtjiU i^ 2341 

i_j« .. ^LJI lSjL-o* CM iJHI jl I jut tr U)j . ft LjjIjJJ oj 1 -^ up 

gLj^ ( CF w (>,j ) FA tfJ B ^ Vj iJLj A UaJJI *_*; si^^ i ^J\ 
^J> J-^^ Ub s ij-fll jJa^jM pCF + FB-R :.i *iu>» . FB ^jiiJU 

: 4JWI <^JjJ1 

W =/"=■! (23-1} 

m 

ju jSJ u-s^a j-^jl] j^-iJ i^ijIJ UiSi Ji ji £lt iW*^ tfJ ^' J^ 

ji_H fkiJI Jj Ji* iJU **j3 ol ^ ^j^ j 6< ^j ■ F i^ 1 tfJi J ^> 
. \'±4? ^ySj 23-1 UjUII jSj-SI Ju£ v^/ 1 C>* ^j^ ^ $ "^ Jai jUj i> 
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( *->aJI jU% ^M : SujJJ^Jl obj^yJI ) Jiji*J*j i»0 ^ 



._!■!, Jj L|ljl JUj . 8^1* L^-J^ IjtiSl jj5 ^ LjId iJ_>J. Jill *$ 

111 U\S\ siJ LiLUj . t_^i 13* W M> '*} 4*&^***» j(» i^ 

^J L-b. i jiLs oi i - itfJl %*JI te^fi J* <>« &* - ^J* ***' l ^ J,Ji 
^1 ^ ^ liSUI r ^ ^1 j* **i^i ^i ■ 1^1 lH ^ ^ *^ 
^Jl iiLJi fl*ti\ >jj : JJ ^ ^1 ^ J* 1 tW UjW jUj , Hj|] J; 

. ( I ) 23-12 JiiJl Ouijtc l» 'j*j ■ $A j-^ 

(y) 23-12 J_^iJl ^ ,J^ US '■ ^jH jo**" Li!>" uJ^ ^-^ ^ 
. tbutji il^ L^p 13] $13 J^i ^ISaM DjvlS c,i j* li* ^ v^'j 



yj <^*a A*Ji S^ M,^ l^ 

yj| ^ li-4 ijl.ji ^JJ iMS ' ^ 

. JM 5 jij .it 4000*C ^ Jjj ^ 




1^ ^i^ (J L^ j-U (fjv iTjlb fbljt OLi K) 2g " 12 J^ 1 s^ 
; lyS\\ Ujill ^JL flj* ^^i "^^J 1 ^^ ^^ ^ ^j ■ ^ / 



873 









( *j4?1 jLiJlj jui&ul : t^jJ^J dtj^JI ) yjjiuJIj ^^' J-^l 



, s_jjJl JM* ^ £*»{ Lr *#ijil jjj— U l^j'wI fl*-J' ^i*^ 1 

. j-yijll jj**li ijjjljl LfJ$| -±y*J 5ji*il J^* jW *^1 LpijuJ 2 

ji^ J"X3- j*al *-ju jU J3ji iy*; iFjiJ *U>^I jS^ J^U ; 'll pljuill l ^uj 3 

. ilii sLiao'i 
iijJu fL^ayi JJlJv ^1 '<Kii\ oljLu) JlwdJ Jutf iSljill ii* Jj*LL £j ll pjAJ- 

JiUi y Uijil Sfjil liijS ^1 p*Jl ij^ jL^I ^ ^if 1*3 $ ^jiil 
. J »i_*all j*Jj UL-hJI- cjtf IJU . s^j ILhV ^ ojLp ^jJI <jj* ijljjj 2J-13 
L*iVl MUkj . Lflj 4ifcdj tell 3J5B p*J Jjw r^ ^J Luli i (fliUWrtl £-* 

J_i' *juj Jjkj iVUJi j^iyJl IkJ^ JJJ iU ULL*» ^1 :JL - iuLfl]b j, "&M 
b\ r x,jj^ i^jy . 23-13 J£iJ< ji ***j. JSA? «**j ^ &* ^ '■** 








fityf L*i^l dU 



n 



(v) 



jj/ Uwill jJ* J*iUL ^ U^l ui ^-*i ■ .Ui j_U »#*j . 7 M 

n » ■■ ' I 

, LtiJ.1 SUII -0L> i Lfj L«UI jill LjjjilSl ji iJLiuJI Dj^sJf 
^jl^U ojbUi / UmjJI Ej** fij+ jj*j ^ 1*^1 y^J ( **-*j| Ult^i*! jJJ 

liij . 4JU5L |l-*J! Sjj-3 JU oLfJl ^J J-**i ji> oljkWI ^ 'lj>| j^isi^ 




23-12 JU 



:23-13 J&A 
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( f-yJI jLiilj ^li^l : i^jj^Jl oli^ ) yjjiuJIj dJlill J*i)1 



*JS J^ 3^1 Itf Ji oi ^r ^ . 23-13 JiJUi^ U5 kij ^ $ 

Dj^flJI jjlj Jd£l yidl 
Ji^fc oLltUil y-t J-Jjll ^i* Ji— aaJHU ol» thill liiljLwl Jj>iJ (iJ^J 

. LSjfi Li t LjHgji L&ill i*iSl *♦*£ LjJ*_j . L>3 r j^ ^jijj^l 

jiUte 23-13 JiJJI ^i tfl UJ Jj>^j , UjA*tl Sj^J* )i* ^U^J kuto»1 
J^ I* lj*j , ijtH j^J ^3 J Ji j^lSjJI j>>JI £* U&Jl iJi\ JS 
JJ^I ^j ^i| 1*^1 jL-i ^ jlj UfSJI J) . ^ I^Lj Juj 10 
^l_>aj dL&y 1jjlA# SjwJi jl J li. litj ^*JI 6* j^' 1 s jH' *' £*£ ^"^ 
J^J &B te« &&i ./ F , C w ^j lij |L-*li o ! iljJi Of 23-13 J£J 



iji-dul L >*,wi> (jui JU 



ftiSl-i Sj_j taJI jjaj . iJaAJJl ti* tyjSS J>j-- &j;-^ J i> j^ 1 tA*J &**j 

£,1 ,Yj 3-a*jJI j-iwj , jJ*fl' »■*> *^'J jjk-rf l^j&j ij^j <^i> iiji-1 V 
^^iilj ^"Ij , C LLaJJI rjL> p^* 1 .«^j Jl ^ ^j- sJ* 'jj^ 1 add* 

, ijfrj OjJ^jj JoLii* j^jS Jj^JI j|i i ? * C .jJJ |M^Jl J*j w 1 
t^jtajj <j*1a*j i#4*> SjjrfJI jl) C $* iul ^Jjjjl Arfj Ji* 2 

i sTjJl ,> ll> iy f-^Ji a»^ ^v> ■ 23*14 jiill y j^ll Jijii u^' 1 j*^ 
. .jjJWl ^1 J> > ii^J* ^i'l 1 ! mjj fjii- iS>' J>j . F UaiJl ^ jJjI 

o^i i^Sl y,L5Uil 1+jS . j^ULS j^jJI j^jJK ^l r ^j fll'jfi 
t^JS" Jj*u LiJI ihiS'l jb 23-14 J&JI ^ Lis t Ji l£J if IjU i^j 



I2S-14JW 

^ ;^u iMi jJ'U' UiU ii^ff jJil 
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{ cyJI jUSilj ^li^i : i^Mj^JI oUjJi ) ^y^ij iJiilf j^jJi 



. ijJXtj »j*ii y j* iiluJ JJ iijl* JjjUJ I 



&** i j>rf (JjjSj » jtUfl i>jj4 UiJ jt 
■ 'H^' ; jr u?^ 




/ 4J9SJ jj iviLu Oji-j L^ jl 4J Laijiy Lfjjii i_j»Lrl jl JU . 23-13 JiiSl 

4_iie ^iki L, J_Lw L^iSl j£a jli LjlJl iljll UL* ^ iLlj li£j , aijll Jl> 

ijjtiLsj, UjCuu jiiuLrf Ojj-jaJl gl ij_^| O^Vl jLw4 k->j ul Ji>1^j 4^ri^ ^jy* 

: 5j*iJil 'BT ? JLI Ly*£ i _jJ I jj^JJ ft&UJl j-jX^LiJl JJ li ^jm II &ii IsLiJ H£»jj 

jTjII^JjW 23-7 

j^uv^j . SjwJl jtjj* j-uij o-iLj *Jjt** j— J » ij ^aJ 23-15 J&*H J| pry-* 
ajL^all flii J Ul , >-^ll pUSjl ,#**£« . ^-**J' J*J ''>'? f-*^' '■'-^ ' J ^^ w - i 
#/*' 43 Lull gl IslJ-^ . ( ij-fj) Sj^fll^ Jnw 'Ij^lj Jj^aJI jJJ iJLllj ( 7 kJ *-*JJ 

ftt ( l.'J «-3*)l jS AB£ fkiJl LpjJj , oTjJJ /ojjJl *mW u* *^ f| ^'j S V [ Ctf? 
ABH 3_>jljJ| ^ ui^ ^ii d ^k , LsliJI iftlSJI ou£*Jl ^ ll>lj J&J< 
^1 ^J Z>#£ j AM £J1MI joJWI a|» ^ja-JI li*Jj . DBE hpjl lyU 

0,-1 
I i 

j AH -jliil JU . ^liL Uui L* ( V ) 28 15 JliU ^ .jJJJill Oi^ 1 $ ^ 

_ AH _ AH _ HF 

1 BE ' GJ FQ 
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( pj^II jLlilj jjli*il : iu-ij^J £i\jjnA\ } jJjp^mJIj ^JIJJI Jrftfjl 



:23-lC JU 
. JL+JLil. DBE j Aflff jlSU { 1 } 

. t^uiw/'t; ., am/ (iiiiuij (4 

f 1 i -i 'i J — g« i l l yi — Li^iic I J!_( 
J ttj lfi< ji*j iajll l'ji jaj sIjaI"! 




(GE 



iiL-j 



: £ii s_ujSaII Im J* jij 

r t 

; j.'f ( ' i '^Jl J oDd^-j \u jl Jul IJm Slj— ■.■; 
P P-f 



jij jjjl»JI v^i 1 tjUjj: jo ji# ibWI jJJs i*Jy 

(234 



i+i-i-i 






p i f E 

. (23-1) JUjLaII (>f=fl/2 L«j Ai> 
jlv (jjj i xiLJl yLw> LJJ t^c jjtj i »ljJ! aJjLm 23-2 SJjUl! ^ 

j_l> ■US L i-jl^ arfj ■_i^y ^111 ,*Jjll <JjW Liy ( -r^v <JjLaJI sifj JjW t;j> ! - 

ijilii j* ^m *l *JL Li i*uJ ji ; >Lu i i /j * /' jji jjju Lij . olfjwl 
, j^xjj Ji^j 4jjtfJ> of lj*J ! jjjK 1 ^ ^^ J*^ 1 o* ^ IJJj ' w* 

j^ikflj i— i>J| fliJjlj 3jj— till fUJjl l^H V"^' (J^ J^JJ ■ ^WJ A^ 16^ 
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( t toll jl-faVlj jjti*i1 : Jjiii'ij II LuL^muJI ) jjjjjJlj oJ'iJl J^mJI 



uuiiii-jif-i. _i 



(23-3) 



. jj^ij :^ji ij^iJl ,%li M^hdJI i>^' ;> jjOil i/0 cw!5 ,\| L 1 ' 

23-1 JU* 

. 10 cm L#jL>JI jLI jjti ;_/*« 3j# ,> 30 cm Jl« ^ 2.0 an scllCjl ^ *4j 

ffi.t p.i|) Ojjjal jjjIaII jii Oj*-^ ^iy J+uu ijji : Jl_j«* 

, i Js J^AiJ ( 23-2 UjUII ) »yi 
f ijiJI «5jj ,> BjjjJl »^> jjj-j,! i_fLj5 : Jij»f 

Ijl Lubi oJa* J UoIm t II ji ijj-JI oul£ lj| U j^jaJ ^u£*> *_*i5j : JljJ*" 

fttlll ^UjSi &j ^UJI «jll ^*j C 1UJI £>ti j^ p^JI L-J : 4#1*}B 
, JU&ty JL. mj ^* 4ii±ll Sj^l jjjU^ y*iL tfifl 2.3-6 pJill J djjIjII 

.] _ 5 



l = _i !__ 

i 5.0™ 30 cm 30 cm 

I 



5 






p SO cm fi 



I. 



, I - 0U =4 um jli lifJj . *^*Jl p*» j-a* Jl ^j" a JjjjJi ji Ji 
L^J j^ ( ! +^ W ) C U^Ji ^jL^ u^Ul pUfVl il 23-6 ^JcJl ota 
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( 'J«?JI jLiJlj jtfiiul : ^l-i'ij II oLrjrtdjJI ) jjjiiiJlj tjjlitl JjaiJI 






23-2 JB» 

I J ■ 

,wm j_^ j' , ID cm ;£ li-Jl L»j*j ijitL si jj »Ul fi.fl cm juu if u^ .ijj 

■fljhrjy.-,^".' 1 

jjLu J^_s Ly^ IJ*pj ^j-Sj J| jjj-; L!L>JI ai*J Lti^l jLj J 23-14 
iJji jiiu;, , pLXyd Jii L^JI lil^WI JjL^ ilji ,> j$b , iu : LL^I 



1_ 1-2 



i (10 cm) (5,0 cm) 

j WJ ^Jiw s^j jj tlja fob* jj)3 iiiau^i 

; j = -l0cm 



-I 



i 10 tin 10 cm 

*Jjj i_t -jjib s ,+jJLi LJL- 1 1 jLS* IJI L»l , 51 JI >UI \Ltj AAA> giii i itaJI 

s <ij)jj5j ; jj* ( 23-b &**sJl ) f ^ Vj*' fyey h^-^ dj^^JI u^uL** jl 
Djli^ll jl^j . -=± = ijJS!& = -2.0 ; pjx&H jjiy . 5^*j i *J^ 

tj^jJl ji Jtf ifcLw JjJ i^Sill ci* jii ^ Ui , jliJl *-iJl Ji ui*^ <#M 

, u^JI p>UJjI jiu /Jjl" 



iufctllL.yiijjJIuyli 23-8 






. iljjl ^LL; ji* >j i^ljlll 4*-S*Jl j-iuj J£ ijjj i4> i (v) '$ 10 J&& ^ 
ik$LJI 4jt£?l ijjijjj . Sljil jl> juj UsAJ i> Oji« cutf y US' H*J *l jJjJj 

jl JiiJI L.jjt ^j j.lSul'il j^iiJ ^ £>^ tiiji 23-16 JiiJI JI y*JL 
i AF = FC jti Ij£aj u^Ul i^j^ AIE illllj . U>i- Uj L^Li yj] 3jj 
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, 






( tyJl jUftlj ^ii*j[ : i^jifJI ^W 1 ) Ojr^'j ^^' >^ 



^j ^jj-^l jajJI u^ C«i La* Jt l^jC ^U BF &&£&}> BF ^b 

I j'i L_VJ ! \j yd 4 & I JU iS-U djfr'^i I _ rt " " * 



:2S 16 J£J. 

jj *--tt l}j[ j* ^LuJt ^liill ipAu; 







sf_ 






;28~«Jfci 







L*L*JI U^l M^ (-J k)^ 1 J^ 1 V^ i>l - ^ j^ *^ {^ 

: 4jJl>*> ilji l^L 

( BjjjJI ji } LjjjJI M l> CjU &15 >J US jyJU Jj^l jUill lt^As 1 

(txj) ijjiu 5 i_jjJ I *»j **lll fUjJ' ,j^V> 2 

4^ij ic Ijjjj iTjll *li*iJ j5j* j>i *>jil rU-iJi tj^4f 3 
1S1 £•> Jfc l*J fci 40l L^ ^3 iS^Jl UsSl »i* 23-17 JUII £*£ 

Lii^li ^u^Jl o h M ,J* J-*i &i UV&ul 23-18 JiA« j| L^j Iji 

ijui *& ABH &&i ji ^Lij 4ii*j - ^■ i >* 1 >V V^ hr^ 1 ^y ***** j* 
a 1 oji (jLi , ( V ) ^l <y £ffl ^ili *A ™ ^ rfj ■ t f ) 'J* 11 1/ EBD 
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( tyJI jLdjIj ty&u! : k-M durffH ) jj^J'j ^ JrfiM 



Mi! sljii ^Jjbu J ^j> US1) 4jJLJI ^jUI j*jj & li&i r**- 9 &» 



0^£ 



i f-i 



Jj4J*!| y-*y SjLclj i jic 44-iSJl *-S VJ- 1 ^ 1 &!j jjjJjWI ^ = ( J^ 

■ J^ J*>^ 

Mil iTjji S3-2 ^JjUII »+* ^ iljUili . «ijU^ 6* jMll yi^-ii!i#3tj 
jyjj . Sljii JLU- jtJi *JL*JI ij* j* Bjjuall jl <5ji> jj oljU^'l JS&i li#*g 

. 'ioii L_i-J L^jki J'jil 







():) 



:a:t-iH jLi 

^ ■■■" i j j>^ ijjUi FG ii— « 
.JRfl 



.....t 




G p 



Uj^l ijy^il JJW j**J ji Je VS2\ % . (#1/1 j^ J ^ /* (> ^ ' ^ 

I3| i JJj ^ fjSUj - l+i*JI Mjil *-kl« j* ' : J* J^ f ■**" > ^ IJI 
^Ul SjLtfll Ji^ jl bJ&S' LliU QL. l^uJI 3^ jjj-JI j*JI l&t 

(234] 



1 = 1 = 1 

P i F 



^iyj 



: it jiir^i j du* 
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( tjjJI jUfclj ^li*il : Lj^Jl oL^JI ) jjji^lj lidliil j*tfl 



. ( <jjjJ^i 3jt«* ) jlj la* 

J lljiu SjJ-Jl ilulf IjJ Li ilJ*a! oljLwll DJ^liJ J.l*lJ ^ A^jJU jl ftKi- 'J 

: LJL 5jLiLj jjj£JI jJjI** i_j2£L»j , j-**JJ ipJlj ^jJa* 

*f=-i. (1) (23-3) 

P 

.1 HjLu l iijJI ojtf IjJ It IjJ jjj-jJ l+»i>i-J g! Ji ll h Li' £>|* i cjjjJtj 

: ^L Lis Li^Jjiil -jjifl tjAiJj yill Lcj , u*j* M --Up V-ll J**! 

. L JLi i luSU QJL M jb' Ijlj c «***!) IuJJIj ±Jji»* ijj-Jb L*jj jjj^jJI jii IjJ 

ijjKL,-; U L ( i ) 23-3 j 23-2 ^jUIi ^_* . ll* p+li fr til ik*^ ili^j 

^1 tiljLsVI Lj -iAi j-^ jl L>jJ< a^J ^' f^ 1 Ch>j ■ ■ W*-flJI oULiTH 



23-3 JU- 

i> jjLaJI .y&\ jS^ Jii 100 cm L<JU*jI jJiJ ui^ La** (1^* li^ji-lj* 
Jj . l*^j Jj^ 1 /^>* A*y . jTjIf lUl 75 cm isLu jJjs f^^» f* 

^liki^U -^ » si^ jj}JI »)JI 6**1 j ^*^' % Z 5 a 7S tin UjJ ■ Jlj*j 

? f 0#*l CA! <J$ . e a>I 6' ^3-2 3JjL-il 
S^jil ^\S Ijl (jSJj i ifjil >tt*Ji jisJ U^ Jwm j* sTjjJJ jjiJl J*JI : 4jI*VI 

, iljll iJjU* ^s /'= -SO cm $ 4jj*j 
J Sy-il ^ j^ ^A*uil UjUIi ^ L : Jlj- 

, ll'L fetf (i) 
o^Li lil U JAil J^'j^ M ^ ^y** ^^'^ ' 6^ 'J[ : J'V 
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( y^JI jLiilj ^liwi ; i&JJ4J\ oL^ ) jj>Jlj ottll J*AJI 




j* Jjiiil r liil q? Ji>^ tti|i i i it*$ 23-2 iJjUIl J* & >:%tfMj>H 

: ISO cm 

1_ -3-2 _ -5 
i 150 cm IStUm 

jl> *ijj Oj>jE Sjjjfl jl j^ V^' ijw'Sll JjOj . i = -30cm £l >*i ^*j 
; Uji« <L t^ h^il $$} jau <j5Jl *»jl> ji 'i» ijjNflJl ^* jl jSJOj . iyi 

=30un_ + 0i40 



M= 



75 cm 



{J *_rt-jil fcjUj^l jjjJj i MVjH j*4* 1^4 &S ji 40 y ijjJl p^» fll ji 

J/ 



23-4 Jl^ 

jit Jjt>Jj U ^ *^j ii&*d &l , 40 cm lSj^I I Uow s^ SJ>* &J ol mi 

* jijl! *L+i 100 cm inj JLs aj ijjj 

* »^>Jl 'dyj ItjUll ^^1 C* W jil HSM y u : JI|j 

/» /' t 
f ^ki*U i^yj o^xJI oljLill ,y> I* : J^ 



:*i3U4)ljJ*!l 



10-4 _ 6_ 



p 40 cm 100 crn 400 cm 400 cm 
lSi\ L» i-jj 4j^j3jJI si* ,> j**^ 4^J . /i " + 66^7 cm lis lt*j 

. 1,67 rm ; 4il*]?l 
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( t^aJl jUiJlj ^liuuf ; ^JitfJ ^tfj^l ) jj>i*% ^^' Jrf^l 



Jjw,j^jl3 : tjtiJl jLi/l 23-9 




^_« ys Li ^L*^ LfljL* ^ii tl^Jl £j 4^jli tUl j| *^iJi ^ Itj* J>j^ L& 
>T jj k-j & &jjj- ^i* ^UJI jUjI yj j^oJ! ^j , 23-19 J&il jJ 
. jLoiiyi igjij L ^ ft L^IIjJtjjLJI %lj ^LJL ^ ft yjljllj . IjLii! 

. { jUII f--JI ./ j-l£uVl ft* JiUo^ US ojj 23-19 JiiJl 

J iiliij oUj— ij J-jjuj b-^jOI JIajuI ui ^ 23-LJ *-j*JI ^i LJ^'J LS ja j*I 
^ ,*M^M**^ V* "-* C V (T -1 ^ ^ 2SW J ^' ***** ■ ' toJlW -i* 1 

'Slt&XPgA ' • ^>" i^ 1 >^ <* * ^ *" ">• «"H" 



:33-19 l^ 



o^i 



- n, 



(23-4) 




: 589 nin Sjljfc ^ J|fcji* jUKfl O^Uj : 23-2 JjJ>Jl 



J—iJj UuC j^il ^Ji.; jjfl jdLoUfl 



Cfr = Jt 


m 


r,7e = n 


will 


Lsa 


t0 i^j 


1.0003 


M^jji 


L£3 


^ Jr) ji j^ 


1.33 


.Hi 


L59 


lhj£^ Jy> 


1.36 


4*1 


L63 


jjjjiJl ^ij^ i^Lli' 


1.36 


■ 


i.fifi 




1.46 


^j.nl'il jjjklll 


1.74 


iji^ *>J* 


1.50 


i>6^' 


2.42 


^llfll 


1.51 yt 


x>j*jiiJi ji o^yji 



. ,1 l*JI 4j Jj JhuJ! JiAJ jit 1 

tlyAij fl/JI jj £»jmt j-ait^ jMi *>*fl u^ ^ |J J^'y o* ji^ J-&^ M**} 
4riMl.|f |^S ; L£^1 J^Ui ^ 6j> ^ 'Ij^JJ ij^OJb ^wJl J»ljll Ch Vjfli 

i.>iuj J-AJ LiJ JjJLv^ L5 Sj^-iU ^jll J^laJl J^AjJ l_i^3 Ji^J jL£^! J^L*+ 

J_5LjJ| ,_j v <■* ii Li' Ljuj t>J <4^- jjf oL>a*3I iij> i-iljj tj-iLlI ^ 
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( »jdl jLilj ^&ul : 4-wj^Jiolrfj.iuJl ) jjjiuJIj iJLiJl j^iJI 



.jj j£\tllH tijbZ Isyll ^ Jik-jiJ ^ I tJjJI ii* WIaJI ii>jll u^JJ 

jOTC % w^ll Ji ABC L>jii L+f>- J&j ^1 1 iJiL L^ij .jLj d ^jiii 
6 = ifsf ja f tjljL ,>j ji 2,L-jJi ji <**jll i^»J| 1+5^ ^]| oLuli li^Jj 
ft ^J* d U*J lip , 4 = vd jj» 1 iwjJI J i^jll "^Jl l^ij*S j*l! oUlj 

: ji Lj>J 



:23 20 Jii 



*_L>^Jl AlJ-DJ1 



JaJL.u-ii.7. 




j ■ ■ t *' 1 " t-Li^ 



^■MR 



MMR 






Tnr™ ' 



; # JJj jl Ml* J&dl ji^Jtj 



sin d. a. 

ain 9 2 i> s 



&l 



b b. 



1 ji *V< 



(23-0) 



LIjLJI LM ijLtl LJu&j Ijjj if = c/?t ji jLiJ'il J*!** Jy^ ,> UJjC Jj 

: JliK [2M] 
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( t jhaJf jLiiilj .„jLW' : 'L.'jjuJ 1 objjuJl ) jjj^W'j -iJtjJI J*s*II 



^jjuJ ^JjIaII djj» v'^i' »->Lt] 6^*iji 
B! 3iii B l = n 2 sin 2 !23-fi) 

: jj JLj |)^JiJ j51*J U^ M^jJs JLi*4 . Jj-j jjjiS 4JL 4jJ I jjiL- Li y^ 
. ILLS JJsy n. sin (J vj-^' J-"'-* ol* j*'j ^J ChH Jj^ 1 *> J * 1 ' j#*J !**** 

ujS^ sin ft ^ t ni i* jjSI na jl^jJ ^i 23-6 IbUil it*^U ,> ^*l»i-j 
j- *■'.*! i .j ■i-ijyi jJl*J! _& dj-ai , ft j_i jj_S^ ft 2)1 _JAj Lm sin Hi j*il 
.jj jJUsi ni d(i> i v^l <JL*Jb ^ ji dL*i liijAj j# d Vj , { 1 ) 23-23 
/»;J <JUJI aii ^j i ill, fi-^Ji ji gl^l ch J^ Vj^ ^j> <JL> y* , m 
, ( V ) 23-21 JSiil ^ ^ ^ US .ft p j$ & t& W M^- 2H *J.»UI 



IVjJI 



l^jjjl 








■J.U,..^\ 



- ju.^ yi 



J» -^a> -iu> i ((h = 0) LJjjA*J1J;jLjJb jJ*£ <t+* ^jL> i!L> il-u^ LUk 
LLJ jJd! Pi j ifa fj ^ jJiill j-iuu & = j* UUII aii ^ 23-6 Wl 
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( t^aJI jLnijJj ^jli*jS : 'V^ j J i iiJl oLfjydJI } jjjijjlj ^J ! jjl J_djJ1 




1 lu-yll ji J^^y ■ ij^ill <JWI 23-22 JL&JI ^ i t? iku JVj^-1 

: $ , ( 23-2 Jj^Jl > ) 



Ha = LOO j «i = US ii^j JIj ^15 .jUiku , *fjfjl 44 2 J^jJlj «U I ys 



1.33 sin 37^ ^ 1.00 sin & 
ain = 0.80 
0=53 B 



-rjl^j ti^-JI £|_! till Jj Jiju Sj-AJ 4wiJL s. LIP ^i jLi^l ijjlj i*«i ; ^_^4J 



:23-22 JU 

I — t-U*L jiUI l^h J^vyj'l jjjj]| i^f 
j — Ij <ajji lis J>*nJl jti 'ii»j .jisJj 



:2S-23 Jfci 

*A ,/teJ C-^ J* 6 -H * ±* 



: 23-5 JH* 

^L»j ^_j 4-»Jyi j-Lc t Jt-**il *jujjij 30 u IaJjJL} <J*IjJ l l*fJl |>> *-4«all ii»*J 

-j^ Ljlj j L . ( I ) 23-23 Jiifl i ^ yj US ^jLjl^. ^Uk-i I4J ^»1j5 

f 0^1 jj ^ JU\ ^kJi ■> *yJi 




■ 




.It* 




(«3 



'-> 



« 



t jjilii* JVlLujjI 

V -Jty] eLill bJ*3j jo*- ^i!l Lull yi L. : Jljj 
l^tjJI JU.J ^Lbj J^fl 4\y*\ *tal M*iil ; U iwU; (v) 23-23 Jiilk 

. ft = & jLJ jk.l>b I^JJI ^>k. o* k : "W 
f uJSllyLJl L.ljj & iftU La ; Jl> 

. sinfe = - 1 3ia 30 s ; J$* tyili > : 4jI>?I 
n 2 
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( ijjJI jUftlj u^\Sm\ : ^wJJyjJ ^jO(i\ ) jj^lj iJUJI 1 J^siJl 



sin 04 = — sin ^ = — niii ft - — x — sin 30" = sin 30' 

ft., ftj H^ /I j 

aLvj'tfl j^iil ^ .L*j?j i> rj>d *J-aJ< (1)' J! j^Ai U+ ft = 30" ^ 'J* ^J 

Juy Liiic o'l*JI jjJL "ll ■uii t 4-jjuL^ l$j-* ^j*^ f l*JJ'ji . *ij\yA v^'j-^ 

. & ii jiJlJsLjjJi jj*j jl 



23-6 JU* 

Sj\y-L »M j jj f^ 1 kSj^-L jj^ JU> 23-24 JiiJi ^ — *jil ^UiJiiii-j 

*jL>JI rifcill L^jiioii .yd I & ojijjl j^-jf . ^ jijIjS t> yU< j^-iill tofi 

. j_^iU ^1 *# ^ f^ 1 J.H 1 £ 



: 23-24 J^ 




t ji„ j^6 Jjjtf. ^ ft L, k3j3 ^1 tyjll j* L, : Jl)* 
: ft*« ft JLTtytfJ^ : itfp 



sin ft = 



quartz 



sin ft 



. 23-24 Jiill ,J B toil J!A* ^jll ^ IpwAi i^yi Ul ^ffij 

f flj jL^-| ^ JLji : Jl}- 

l i^ 18t) <: iUH Uljj gj*** > V . La^JI u«* jftu .W* : M# 
ft V$:+Q Ljl jJI = 180° 

jl jh&g 880 s jj» ( £sUi! Mj W*»J $11 } jeLJ I JiiH Vij ^«M jl ^ 

^J C L^lj Li 90° j* B j A &^J 0* W J 4*i ACiJD ^y I $tfl 

Ui^l *j L^l >i* ^.jy . D = 120" y# ^ Mj - ^M" 11 &* w 

: Oj t ft ^ IfoWl Jl J^ &Ui 
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( frjifJ jLAJlj ^li*:i : iu-j^j ^^j^uJI ) ^jjlj ABSII j^Jl 



ft + ft-W - 120 c -fin- 

? ft j^ jjJl U . Jlj, 

. ft = 30" J E tauf ^k« 
Ly()IL Ufjj K|j i 23-2 Jjj^Jl ^ rtl]llim Jt 'y j^j^ jliiLi^ijJ*)! 

: ft jU Jji*J ft 

sin ft = IM 8 i n 3q« = o_342 
1.4b 

ft = 20,9* 



ft = eo u -20.(F = 40.0 a 

ft - WW 

. 23-34 

1 

it* duii gtt£ i**i J ^^ jjjji ^ ^ui jjAUi u-i; oi uij»i ; tyd 

(cmh.Gp) 



^1 ^UJI ,y&OVI 23-10 



t j-tSJl jJi-IJt ^i^yi ^j L,^ ^UJ du* 3, ^ j^ ^wd^l ^ 

Jy^l kijblij i^UJl ^J u^JuJi <^JI JUS'I i^i LfLj i^il ^'| 

l^ i^tj, ( ii, 23-25 jSill ^ J^l ^ ^| ,jLii j^ a u^ 

jj^c Lrfji ^Li^Tll L> j J y iiA jl jjuJi)| o»j . »Uf Jaw. J* b-ULLI jjaJI j* 

MLII ^431 Lfii»j ^Jll uJaIi ^ji j^&Ul ? LiJi ^ S l ^ji ijjjbj ^JJI 
-88S- 






( tj4l jLiilj ^|£J : S^jijJI iLj^Ji ) ijjiwHj &JUI1 j*iN 



iiju^ '^ "* l Ji *jL_) JaIjl* _tj 
|S|j . J^ _S jJc ,_il j ,_l 06 




L _ i * 

j_.iI I fL_l jji ■•■;-■ (ui) £3-25 J_Ji % . }_[£ li_l d_ ^i jl* 

<■« J' Ji j— *i<j . j-Aij v-Lo J La j«i £|li fi; (|j* jji'l ijU <Utl\ \_1£ Ijlj 

L*j3 JL* ^U Luja/yj . UjJl5 L^b LJ&ul tf>& 411 J>>Ij -jj*'\ tj*kaU\ 



niainft = «aain90 n = njl.OO 



fcra-ifl 









f A 



/j, 



i e. 



23 25 J_ 



hv«2 











M ™ 


"l 


/j 
/ 1 


\]J" 


yC 1 




' / " v 






c 


of 









£.f) 




w 



^ ^ jjfll ^Jilil! ^L_0"il jl j_"i3 ij_> f^Jl $ 

rU jj 41 c _» t_JJ a a 49° J\ 4}^^ JL_I o£#J ^ 2 i_^f ^ Litf 
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( ,yj| jL£!j ^&ul : L*jy+Jl -aLj^Jl ) ^jfi-Jlj 6J£J» >ASI 




c^jj ) ^Lftl Jyjk) <u$h *-& <J 0* >jUil **iilj . j-l&l 24.4 U > oS 
( dJi $_ ^1 UjU£l JjI** uli S*f >Ij r&i J> »j4J **j» \^ $* 
J* : LUI ^\ > i^i tflj^j ^ J *f1 y«UVi c* ^ jill ^1 $i 

j^ ^^ »>&i aifj . u4i **^ js ji ii> (jjS **ji ^ ^i ij»u 

, Di>jtJ< Will o Jf jm Lj*j Ij*W» »yis slj= tliil "ji 



JLjfl 4ji_i* £>*# 'J**^ O^J^ 



23 -2 ^jj JSli 

** '■ W • W j 



t;tii ^ ^l ^ oVa ami ^ .iw *! y ^ii j! *» M 



£_bd y-si i#l >Vi lJjU l> ^ i|^ .[ yui fUill fru •>* l# ^ ^ li*-lj ■ sin Hl/1.52) = 41.1* 
Ljj_kli * -'■& o^J^ y^ ^"J^ ^*i* L 

[^ ^^s . yJ*V *4**l ^J^ ^ a Ujl^ L,ji^ LSUI jJ ISU ^ 
. 23-26 JliJl J ' ftift j* U* ^*- t| J>> ^ ^ )$ 

, f-^Ji jW ji WB ijjU djIja* i*jj llj*3 ij*v ^ ( ** t ^ 1 j*^9 
* i^Lj Sy^ ^L*J!iy ^ ^< Jtj- J^ 4 »lll ^ jj^ 1 ' ^ i; J : ^ 




i23-Z6 J^ 

j_ii It ljJ.^*fr isi^ 1 f>^l ^*i 



^ ^ b i *^ ) f ^U U*j . ( i ) 23-27 JiJl ^ 0^^* W ^1^ 
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( ij-aJI jLiilj jj&OI : 4 j^ij ]\ liLwij}\ ) jjjiwJlj oJSill J„aiK 






: 23-27 Ji-i 

. jjfli ^aH (jAuJii y^ijj 4#iij 

f>iU ji£n pjijj , JJjAiJ 4JL Sudli 
jt i J.3-H Cjl< -Li>J .jin-jil iJLfyl 



■ f U L — K 

WH iWl si* Ji* jjj^j . j>l J| ilii <> Lj*iSl Jy> LjJti oi« Lj f~**J 

. ( (y) 23-27 J£fifl ) %£ 

oijLjiL Lj_J2i ,>_, 1a_j ^jtfiH oljLi)'l lJ^ jj^l ?**1 <> f> pj£ iy> 

$} . liLUl jj Ijlj* Juit Jii olj JLlH iiU^y 1^*44 j,ykiN lie r+J jjj 

l^w'jlj! Cjlj-Juij iw^Jl liljLull JJ j ;> I j_» j-ui ^jil iu^JiJl oL»ill JiJ 




w 



(it 



L>Jl^Lj*JI 23-11 



jJ Ajjl^lii Imj^II 4ju]|S l >o 4*j> 'Jiy J 1, 'irt 1 ■LtiJuJu ijit A^LuLui !j^s,'l 
_Lc Jiw j^jli) JjJiJy lJjS (>a>JiL. Ii* Jjju JJj . ijjjj ikij Jut* S^jWU? 4ikjj 

ILJLJI UiTH ^^ dJii'i, 4^>-L>j olj£J li_^0-u *Lli* 23-28 JiiJ' n^ 
L'L* JJ> _j olj5Jl 'iW jSjl j^j^i ■ ^'j^ j* - ^' j>**U ^y :j*} W* 

jjjis L*lj ( (y) j ( ( j 23-2S p.. KjJI ^ L£ ) jjjJI _j*: i*JlU £j*>: U 
^1 (> iijJI Jsj . ( ( j ) j (_?■) 23-28 jjllUl ^i Li ) j^>Jl jp \j#u uiVl 
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( *jjJI jLiJIj jjiln-'l ; >LwJULfJI cjLj^uJi ) jj^iuJIj ^jJuJ' jjiitfl 







W) 





(It 




Ul 



w 



4.-7- j_^_i** "4^.-^.1 



33-29 Jli 

(u) . * uJ 4mJiJ <kjj; VjJW^I 




" •3Ull,..l" 



MF F» 




(d 



(11 



Lull JU*j JJtjjj (_i»jil J TlJ J*J$1 iiJ i^ji-Jl JjuU *j-JL toyy hli { 
bdj (>_■) j ( i ) UU-SMJ ^Jii-'l Cjj^iw h? ijk J* 0*"-" 5 J*v 6*1 cj*^ 

J^iill ^ Bj__iilf| Ui^Jl ^LJ ,jj£Jl TikJI jj* J.UU9 ^j* JLwU Jui *il ^] 'il 

j^ ( v ) 23-29 JiiJI J te% L^Jl Jl> F *Wi J £&±* (i)XA'M 
ibSJJ^ F J&ll ^*-jj . ^jSlI jl* "Uyuj ( Wf ) ***** j&La*Jl ljjjL* jk 



- ssa 






( t^all jUllU ^HOl ; ^„i,.',,!vj_h oL^ajJI ) ^jiuJN ±Jlih jwalJl 



J ^LdLJ' Hjujil Uii£ Jiilj Jii' ULikJi jj .bujj 4_ilJ (JjmII ) **'jJl UaiHl 
J_J iJ jii! L^,L*JI B ii_J i_(' . *^»4*Jl ui I* ^4j+ _1Aj , ^«JJ Jl il^MJI oV}i «Laj^ 

, c^Liwi jit l*is ^ jjli Ji* 

<j_* (jirti J5' U^ J^ ty li' * *^J i-^. 1 ^^ % ■ ^^ J 5 ' tf^ ^'j 

J J^ L*^ LUifci jJJ . L#J*U ijj,L«5u"lJl LrisLiJl Ju^J aLjj iL^t 6\j*j 







jiiLH AjiiiJ 












. Ijj^mJI fr*Jlj i««i*jl <L£l jJjIjm O^J 'U-Jt J 1 . Tt filens ' JlflLirr mrriium ij> 

0>ij , v^^ 1 j- 1 * ■— ^ j* 1 *' 1 '^'-'L 1 j^ 1 r^ 1 |l1i * ;I ^ ^* ^+* ^ ; - J ^ L ^^ 
^jI* jji Liilc iiiLjj t-kJJI L>U LfiKf Cluiy yjjjl t^*— Ji Oj^ Wit i^^ Wij^i 

, 23-30 JiJJi j3 i-Ji 
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( tyi\ jLSilj ^liul ; t^J *Vr"*" ) oj^lj ^l JtfiJI 



^ Lib Jj^LuL, Lui^l oil* ilj . ( I ) 23-29 JLiJI J ^ 5* US L^ 

lt>j|jjl L>y.l CjL^>Ji J*^ Lm iyjill »j*JI ja jjtfl JliCJ 4J»-jJJ i^iM 

wju ^i ^aiil 1ia W -uiy . ( v ) 33-29 JHH ^j jjjh ^a L£ l ^^SJu >U>J' di 
. 23-29 J£ifl ^j jji^l j^JI ^ja ijj I, Jj Jijilllj *u>dl LbilJI & LJ 1 

l <L-*jj*j 0^°^ ^r *-^J*J' J*f '-p* lT^J' jj**'l >**■ ^U^l tjjwl cu!S" IjJ <i 
•■ . i ■ 

t-jj v!i . L Jiil jLaJlj jil jj Lj jbJLf jjjiuJI ^j1* 4j%I tt^J 2j-j0 jLill t^w 

SJjLm 1 4-JiijJI oL*a*U L-aJL LiiVl jLw *-jj 23-12 

dJij JJJJ _l r Lib- hl\ ~£ y J$ *0*1jJ jl - Ljljll *Jl> ^j UUJ 1*5 . .wJiiJ 

i 23-29 J&&\ upi I A pM' J*iJL« Ityj jjj , 5*5, Lj* ikJj* fySJIijJ 

LjJjJI ik-V "uJufl lJ1> tjul'' i*j -j£u olbq . j-uJjJl j^>uU lijfjil rl^J' 0. \ 



:2.V3t jLi 

L&i - L_ji^ hi. j Li _ f jiiui 




<yi 



- wr> - 













( sjjJt jLAjlj .jjLSjjI ; J _;■■■■**■ jf tl LjL_j 4 iu.li } jjj-jjJ^j i_1jJLjJI jjtill 



luL^! 9j«Ji J^ j*j gill ^i 2 *ij *U£h ui . 23-3 L Jlilt J y*Sl oyJW 

j^_>jJJ Cjljj L.wJ1 (> rj^i 2- ^j f UAH jjli jjiJUJi Liii ^j , ujl\ L, jJL 
s^Ll. 3 Jjj pLtill jiij , 23-31 J&JI ^ j^>^i f IaJ^ jys 3* US ^jJI 
|jl JjLJ( ij_i ^J ^Y"— Jl ii/M Jf— ill i>t»j . *Jl^*ii jj-Jf Ij-taJl 1 jij* J^> 
^ Ujjlwj L^jwJ! Jl J_*j^ eLJJI ,>i Ji*^ &** e 23-32 J£JI Jl L^-j 

^L>-j -j) Skfy g&ftll J J^ "^ ■£#) £l*S J 23-5 J ! ^l p /Ji .ilU 

j 

J_iJj| j Ja^^jj . U uf jjjji Ju Ju*i*il ^L»l£ ifci^l iio ^i JhJj' til 6) 

j_i# JiL> £^j Ify LJw ^^3 iiyjJl ltSfi\ $ Ll^U SjjJI oi { i ) 23-31 
£$ Ljjjiij ij^j ^ (v) 23 31 J&JJI ui J* , 6jj-aJI >uU Oj+iJ 4J*mJl .ills 

fliij . 4_iJiJ( *L I Ibib ,> l*jQ litii j| utSj jjjj _p0 jit JJJL53 Oj^j&II UJlfl 

. d jij ill <ulc ^ffkj ^Jj JUji JiL> *jj lj|j 4jj^j*jJi SjjrfJ! jiju j* SJatUI 




: 23-32 Jiw 



23-3 j^j»jj Ju* 



uJ i Vjlj ^U*ili Jijiia iaja j iJajj w 



AjU^^-Jl iwiC a j , »l . . i l 






Sjj^aJl V^ J-^ j^ *»i'1 jl— * f"j' • ^-^1 M 



cm 



ij-^j ( UUJI sJ+J jfeUll 4*iSl jLji 23-33 JiiJl pije i ^ik^ JYj^i 

^ tjjLn Ln-i"Jl £|il ub lj^-i cJ^iaJI lJ1> Bjw5JJ! 4xiM j^jii JJi o^' j' 

. ij^j iiil**j ^ri- 1 ^ ^Ld* sij jl ijj^Jlj . yjili *Sy.i 



:23-3S JLi 

r -^'i jjSj Ui* ( i^JaJl ) ^uuJl 

^ LSJ— JJ ; JjW 1 ^^ ^ Vji 
^_ i_j;lS uuli ji Ui ^ ^ Wil 
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( tj4)| jLiJfj ^iiul : i^JifJI oU^Jl ) ij^lj ddtil >«I1 



23-1 ,j*jjy J Hi 
** j-Sfi £***}• f-*? °jj-"* 60&I -10.0 cm ijjjjjf Ia^u *ijti Liji iji^j 

Lu)j& U* SjjrfJlj ol^^I jLI jfeUil ^jil 23-34 J£t!| ^^ i^dLiijyjijj 







Sjj-iJI C^jIjJj 4_L*Jf aljb IjjuL.j . i^UJl oit JjIjjJ 4jIjI>j il^j tJw ij 1 Ju 

J-S-ali jJ £20 j-dfiff iiaiil . 23-35 Jiill ^ fc*li Uu)l UUjj *Jj$l 

/ i ' / 
p 



i23-SS jLi 




DL> ^J Libd LJL ijj.a-jl ±uj iujhJI jajJ LuJJL Ha jujl jjij iLiiiJ Jh 



f 
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( 5 4-iJI jLAjU jjlijwl ! 'LLjJULdJI OLjtdJl ) Jjj^aJIj wJUJI JjliJI 



{23-2} 






Ujju*l jSj . k JjJl ^ ULiiki'i JJjJj iuuJJL Llil Ibbu <jaij ^A 4iM»Jl lift 

4_Ij5j1I 4.uuSL-*JI t>.«JU i>*jJL L»« ?. Lj^uc-Ij Lj^jJI i'-J ^^J -u-JL L^-jj p 
oliJiii uUjasjj Ji 5jLi) p L IfrUJI jL&il '-^V Sijili ^LjaJJ L^JL. L*f 



0"p 



j 



f 



P i / 

ol.LiVl ijtLi J* Lift lil 23-2 ^jLil u 4^ik^ LJjUII ti* J** rft-±i 

: t jp j. /",> JiJ <fljus-JUiJ.l 

iL-jJI J3lj» >«*J 23 2 HJjWI r ^J^i jS) 

jtj ) Lj_il> jL5 lil JI— r j ^jjaJI *UI |ta«^Jl u^ ^! v^yP r-^ 1 ^ 1 

Ijl -_■.'!_-..■) ( 0&yl> SiiuJ ) i^i«J^ v*^-* ij)^'' *iujSj 'ji ■— L>u ( ij i^aJ' J*j 2 

( ijjjjj Sji*i ) iuJuu' *Ll 5 ifcjil I ^u*ij 



O >U Lu JaI t- iku i 4a*>-* jI-i 



jJ*.I 



A 



:23-36 JShI 

Si oujU iLijll i-i*a ilJkj ylj jjjj 

, iijLJI ■'^-■■ 1 *-' 



I.Ul 




-' 







( i ) (23-3) 
w£jl ia|j LjJi ^ L, Jill jj-dl jj^ flj LI ^JUI SjbJI gP i ii>i ijjj 

-an- 



( »4JJI jLiilj o^rbkjul : io-ji^JI iiUjjjJI ) j;_ r i»J'j ^LUl J^mJI 



M= - 



+40 cm 3 



: ys jj^aJI ii^> (jiSj n <>j ■ *Ujiw Sjj^sJl ^1 .If *£»^' tjLSV Jjjj 



; huLjuJI JjLm JjUj Jit i$& olj ^JljJl oUJl oIjaLHIj 
LjLa» p_-*Jl />L£ IjI SjJLuj jJjLu Ij^jJj (J^a Uilj ijjiil uLnll jjSi 1 

_ i 

'L.UlJi iLI uJ^Jl All) MJ Wj 

fkfcjl j> yjJl »™^ ( j ! i lj| Lfl ijijdJ <Jj**l UaAjJl j_i Ajui Ujju 

23-7 J^ 

4(1 cm iu if tq-ijj W) nn d i <_dJ ii ,u 20 cm ^jLil Iajjw OjL Lx ji£ 

j p j /"iltall 0L4SD L^u^Ji oljU^I ^* I* ; Jlji 
^Li 'iiji» i_iiiJl j 1 Uji . yj - + 40 cm i'j 'L-ojJ< i'J f ^u u^'l : 4.'l^!l 

. /= -L3(J cm 

il UjiM ijyJl £j?$ jl U JJ-a-lj jnCiil As-i ji* -lii^Ju jli Lj^^l Li : Jljj 

! (Jit* 

i ,i_s Jj-m »-s»ju j 1 '-1*1*! |)Li u ti» ^-j-ii -j LUL> Ljl> LuJ jl L : iiL»l' 

'. , S jLsjj iliU.4 koJL' 

1. -2-1 - -3 

i 40 t:m 40 cm 

^ zto . 13,3 cra 
13.3 cm _ +1 
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( tyJI jUiilj ^Hnji : L^ol^JI aU^aJI ) j*ji*J'j uJLjJI j-aif' 



oLjjJI oUu^vt 23-13 



j^JI "t^LpJI fjj*JI j^i>i iijjwji . ,j*+J4 l-j^L-Lj Ljjl» UlLoIaj ijj sift oLjuJI 
: Jj^l L-,i*]| £* 20 mi ju ***fli , ( i ) 23-37 JiiJI J LS ^Lui* L$9 
IUiAjJI J ? j i I a . In+^4 j-u-ijJ 1 Lili'j . LilUl ijiJl j^e 30 cm Iajjoj jjuj jJi 
jjlj^j , JjSl L-jaJ! ikvl^j ^j&l! ij-aJl jL»J JjUmj jjl B»k*i' UUj 4^1511 
L^J* Ijlj . ( V ) ^1-37 JJLiJl jj Lii" Ji yj K^l ii4 ^« UiSl ,L. rj 



: L*J 



C^ 



titi i-JJlJl ibU 



(1 - 20 cm 



. ^Ljtfl L-JaJJ <^UL; ***. L^i jk Jj^ L*bJj Lj^ji ^Jl ij j j H aH oio ^ pJ 

iwiJi <Jw*lSLf fcj*S -fi pl-iiiJj Jj"3 l 



lH 



US' 



St 



r^ ^ 



UJi 



pj£i t JUl! lit jij . ^ juiyi ji* &>&- **Mi »jH^ ■ («*) ^- S7 J^ 1 

£>4uJaJJ ikj'u <j_j£jJI JLyl+J' Bj_jisJI 



:23 37 Jtt 

iWjrf iijSiJ^ tj>*H jLuI jfc Lk 
J_S j )'. £j j'i l JLuJa!'i i> Ifrjui^wi 



10 i 10 i 10 i 15 ,5 .1 



•j, ,|« *J4 *k 

\ 



/-HI cm 



■an 



f=5*ni 



0) 



tyi 



f« 



Z. 





l» 


'] 


■! 


^_ 




H. 


n 


oA^- 


t 1 


sj'i 


Pi 

4 


—J 




^^* 




£*) 
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( syJi jLfclj lylijiil : i&ti+Sl oLjWl ) o}r^\} iJLiJI j^iJI 



pLi ^Ji ^Jl djj* ^ « Lk*ii SjU^f jivj t 130 cm - 20 cm) ~ + 1(J cm 



1 _ 1 1 



1 



ij $ p 3 5 cm 10 an 10 cm 

ij = + 10 Cm 

Pi P2 20 10 

L**e JJd s jJL^I f^JJ L-dL Ujiw iuL^I Ijj^Jl £jl 4^-p JjLi^ll ity 

'-J jtLll j-j^U ij^** 5jj«s uuj5 J 

4-jJjJI iJJ* S^-fttl £j^j3 >i^>J J-Sjll jjij-j 0^-"^ ^ U>& UjJtfj 

4JL** l+fJjaj LW)j jJ k»Ui.L>U gpllj gpUbJI jji ( 5& < u^jil . ijjlil 
Uw Lw^w JJ&j JjYi oj«Ii & i^jUJI 14^1 aj . 30 cm ^ tsj 15 an 

L-AnJJ ^JiLUi ^*>JI JjLu $L LJbJt bid JjUs LuSlj i jjL]| *ill j'tw 
. vJL ^ttll LrjJI gjg iLu pt uUl 3jLi! J^j j^jE ^ 4il ^ yUJ| 
LJytflj Lill jJ 23-2 UM ftkJj, I^JjLu jii? dLjjJJ iJ&Jl ^V bJ! J* 



J^ 






23-8 JL* 

rfJa-Jw Lij£Ll ijjSrtall ( L_hjli( |( i| Uj^ju s^juLS Ijj L ) flL^Jlj ^h>« ^Sj* J*il 

; 15 cm L<^ yi4i a*l£ (5J IlLJi LilLUi J |WjjSjJI ^L-iJI 

. ijjilll Lj^aJI /WjJU Jj j| DjijJI jjll 

V Sjilill L*j*U LJLj f*viJl j*j j* Lj . JiL 
dJi ^Li t S—h-LUI Ul JI* 5 cm oU ^Ip jS ^ ft ^ L : Ll>^l 



»01 






( frj4]| jLSllj l^&uI : 5rf*Ji#JlOlj^uJI ) Jir^'j ^ >*" 






iju-Jb LwjjJl UjUj j^-i; jJ $*j . i^jjjjiiH u*ll ta jj\J jUa = 5 cm *4j 
,-±O I j3 ^j ^ iib , l/i-i = 1/1.5 cm)- 1/1-5 cm) ; ^ luii ! l Lijuil 

, cAjjfy *■ LpL*^ ous! ^3)1 VW i£*i 



1 2_ 

1 



r 2 = 2.5 cm 



kd UJJjII 7>v*Ui 



,/ -SO Lfn ,, -2,0 cm _ nt 
20 cm -5.0 cm 



aLS 



, flyLjai iLijLljii <UUji> Dj^aII jl ,jj 

ijj-aJlj i M to , = 2 » i s - +10 cm : «jL>VI . 10 cm jj#JI Iaj^ 

. 5 jAa « <w ill 



. u^i LjjjiJl ^Ji jliisi J*Ji jsj . Msil ^J 1 •****!' ^ I** 
jU^ jit ^LiJJ L.jJI jU^I L^i ^ ySJl XIUIl JjlBi-) ^1 J> l£ 

: UjUl ^ j/il Lijafl ttUj* iijSill BjjJl gfa Lf l»*m.j 

Pi '1 /i 

Lqj iJyA> Ej^rf ij% i**^ 1 f*j kiJI U^ JJ^ ^ *^ CH f j^*^ 
2 Jj 4-^A-Jl JJi Li.1 ijjS jl Jy^i flj i-jJl Ji> gfi- Sjj-dl »J* Jl" 

jj-j OLJi y> IjJrtJ ollui L* ^1 liij i Lix£ jO>1I ^ Ji* -jjljjJl jf^ ^ 

L^jE lL-» JjS'l Jjj-Jl uti Ij&j . ^! l*jl«i u% Ji *1*4- ^LmJI 
; J( U 2 ILjJI UjU, LjLOj liiljli^ll BJueU l ili p^ - i] oji ! ty 2 ^^ 

P\ h n h 
- tKia - 



( tudl jLiilj ^jliul ; AjwJ^JI ^jjjjl ) jj_>iuJlj iJilJI JjfiJI 



Uiy bJjjJw i-jj*J k-uiiL LjuJI iJjUj ^ ^ ^JjUil sii ^i jj . Lll^i 



:23-39 jLi o 

I h ft 



A 



?} 




J, 



1_ 1 , 1 



M 



jli UUs i^iU LjJij j^*:ut i> ji£l >ijJ (23-8) JLUIl JUsJ i, ^ 
l 3_ikJ Ujuii ii_j ji L*i r jjjiiii LjjJI j'juTIL y^ ijj %^> IU^+aJi ;L 
liKLi^l oJUm-^I Ui LJjUij 4ju>JI oLjjjJI ^j_i uti>j o It Lj| 

, ijjjjJ' ily?J Lvj^^aJI 

23-5 ^y Jii* 

jjf ^—JjLjJI _ftj Jul illiiSi, . jiaJuW I J •'•-; u <LLa)Lu £il lit i^ £uui 

L^jMfJl ^j ? «_s*4>ji [ .ijj^fJI Atfll _j* L* . GO cm . -30 i 20 jj uyjji 1 

: 23-8 aJjU 1 - ^^l^J JUU jjjl ^Ji ^Lu . ji^jv.r..* 

3-2+1 2 



ia + ±+i 



1 .4-J-+- 1 



/" ft /s /a 2Dcm -^°™ e0cra 60 cm M™ 
f = 30 cm 

/■ = -60 cm ** ^U! j*4jjjJi Jbl< ,J tjl\j}\ Lj*li ^jjJf i*jJi Ji lii : Urfjju 
, «4*jJI i> fJ*** r Ji I** J-uuL> i^jfl is*Lu«Jl $i iuili t +60 cm ,> "L 



^ 



V 



pkJiji 



Ji! 



, ,jj« J.JJ Jjjal L»Ull *JJUjiU)i ijfil V J> JJ jlj Jjjll tjJdl it»jll JIjJp^J ^j^l Jji*Jl j^jj J ^ 
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( tJl iJ| jLWj j-l£ul ; li-mfJl Cil^l ) ij/Jlj ,*0 >i)l 



,,<-■] I' ly&Jlj 4jJ *jjJI <t>-*j oijr IJI U JamJ jLtij^ J*t*J yLt* ^jh" i " jl 3 

j*ji jmII &l j-s v^ 1 rJ^ oij . v^A u*&fy ^J 11 ^W > ^ **^ 'j^ 1 "^ p 3 ^ 4 

. ^uy*. jL^i ^Ia* M o^i o* ^ ■*> ^ j» j^ r| j^ SjJI ^^ 

. ftjju IL> 4*1 ji ijj-aJl jA*» jSS Jj . *^j oL^j i J/U ^ liiji 4uJLf **"! ^J*"* f-J f' 1 ^ 1 ^ l S 

iUid pLJ *u*;i jitsi jljii ^jy 3 ij| <^j ^^ ifj$ **n v 1 ^ J ^ Ljj * J1 £^ ki« f 1 * 1 ^ "' s 

, ( j p dai ^jSj* IJ[ U SjjJ oL*fy jA# ui*^ O 1 ^ 

. 4jUc "jj^ ^n vjjj S_y*A* sli lSjJjJI i»*ll jd**J S*£ rr^ lJ 1 ** 



: JluU ^jUj ol^j*i 

. 5 JjH sJi ftj ^ Lj,a^ 5j>J UjiLl kiVl j/Sj . »T^ Jl> ji y^r 1 *' "^ l J Jl ^' u* ; ^M^ 'jH 1 

■-iiui ujSi 6* l^ i*i j^i ^ j ^1 J^j ■ ' iT r j' ^^ ^^ ^' r^ f ^ : J * m ^^ J, 
: ^ Sj^i ^ r ^iid su^i <^ji *>•*% - ^ ^ f = ^ 2 ^ (Jij ^^ J* ^ r Li ^ b ^' ' ?JllJ 

. ( : ; jj| ) iyil 4^1 j^ j-Aujj ^jil j>*^ jl>* JrtL ^ 1 

. ^liJI ^ ^jll jypJl igljo t i^l iUitl ^Ok, U J> jbiriL ^Ui 2 

. <^J J* U3 r ^j ^U^TJi ^ J^U jJ4 h> Jjfa ^U^L fUJ 3 
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( ty]\ jLijlj ^l&wl : ^hJj^JI oLjjuJI ) JjjiaJlj L±JLUt JjiJI 



^ft SjjjoB *S r ijjJ i+pW i&4J\ hSUj , dTjJ.1 44 & f- R/'i LkjIja* oUj Js i olll Ji> S^ Li*J sUl 

. tjj^l i* Ij^fftj ^ Jm* tijt J* i^kiy j^uijll j^>JJ jlj# WU *U 1 

, j^jjjll jy-JJ '^jj'jj ^iwj DjjJl p^ o>Ij J*> Jjl jle LiL ?L^ 2 

■ ^ tr^ J* 1, j^ '^j* u***sy '^^1 jfy _j*i **0y J*> Jjl» ^ LJL *kl 3 

iTjll iJjlu 



1 

f 






. 4Jih*i 








■ ii>^ 


.k..ji..l , JLxxj i 


jt. J.^ l »**>!' u*>w : p 






4jjJJ£iJ 


■J/ • s 


(M)j,uUII 


:W 


/ 







. 


1 '> 


■ *-& 


^( 


-j^Jla 9 <uill 


okiJI jLuS'I ^0 j/iii 


# 


P 












= 71 



, All fu>J re > ] siii>j ^LLJl jUI y*i- Jlil^'l -u£ t^| L'Ll'j 

: 4ftUll> wj: j m jLil >Um LjJ ^jL jjj J^UJl j*jl jJy: j*«iU! tkJJU JaiUl tLiJl Li^ 
, kjLJl ii-KJ j& J~sUJl ivli jk iUii j^4*I|' UmJjLi LUjJi sjj. gjjij 

•jiSf ,L_iii^1 i)li JJl n$ a,L-i£l J*Lu Jui J| jJj'1 «i LajLil JjLu 5jL* ,> •uJf ^ Ll£ 
LfJu JsLu _JJI ojLLI JJ IjJjji <jQL 4iU <j**L JaSUl pUiH ^,^Ay j5ju#j . ft i^ i>_j> 4*j* i> JsjLJI iylj 

; «VL ft jtvJj ; JSfl ^IJI ^Liw^l ^ L I Jt 

A . -1 n l 
ft =3in -=- 

"1 



Jjli Ijl 
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( >j*J1 jLAilj ^bU3l : LwJAfJl oL^J j ^jjiWIj JUltSII >AJ1 






UijJl LuaJI iJji^j iiJjJl iijSJl qUuJI 
jL^jj jUl* L|Jj . oLj/ ^oaJI UL_uj , UuJl iUw ^ jjiL ^1 ^Ji U^ ^ ^1 ^ &^J| UtaJI 

I. Jn i ll l ILL 
jH iLSjil iuji*.'! *LWj 






f" : ^ UJ tfjj^i ±^H ^'jUi j*M»j . ^ ^JL d.>. UJ5* i 3 p ■ ii Jfl *^ crf^l j^S iifcijj 



ciLjfcl «Uf "OjUj 



I,(,-0|'J__J_ 



1*1 fl 3 

i ft UI ; jjb'Jf ^1 *U*J| jJa^pRi Uuft, ik^JI wUl 4^ L»j*ll EjU jLfil J*L« ^ n ^> 
. tifh (& |j< ^UL, « UU| tjjjl ^ ^^ Ud>Jl & tf lij jL^ Jfe j Jil , J&& „LJ| »Uii jt» J^ 

iii^ oUuU Ifcjgjfl t^l 

: tjlajmJi _jLjJI 

■ «WI W M J ^ J-** (J cr^^ 1 J**^ S&* ^ ^ » 
. j**jjjJi jp«II lJjl jW j^ jJ ^jaji LjjJl iiiuuJI JUj-ljiLu pUi 2 

; iljill .jLjuJI 
. ^>JI L ; jJI Ml &, ^ Ja> J^ ^li ^ ^ ^jJi jy ^ ^\ y j^ p lo ] 
. j^JI j**J L-jljj j^ jJ Sj^| Oj)JI ^i!i jjSfcj ii. JjJ, Jfc H^ »Ud 2- 

>j SjjjJII ^jUj*JI ob^jixj 

WMjI' oUjuJ* 
jj^l ^juJI ^j Sa»Ij L^ q5U«3 j^j«J' #^ j # ^j>Ji U^j*, ** OjWV ^j* ^ liLJf ^Ui lii 
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( tyJ! jUilj ^iS^I : ^j^JI oL^I ) ij^lj 4J&! J*UI 




,>* jAjjI >l _o£' .j» Jaj <" <^*lL J <.'jjuu ^a J*i t Jj^jJi \&£ jJ . LLjJ^Lil i lf$y f^*j S p& SI- iJ I 
jJw jJt* *— i>Jl biji ^ji JJl uE^il Jajj . Sl^t _j>j ^ p-^l vj^ ^^ ^J*- 1 ^! s ^ 0* V 1 *' ■ p**^' 

. o!jL>^ ,> j| 

. 0^5%* pIjJ ^JJU 1 JIUjI o*l 2 

, Oujhj LijaJ 4juUL 1 JlLJl if I 3 

. iil« "ujjJ L-kklL 1 JlLjj of I 4 

f 1 l^Ji ^ ji Ut ( li»i J*i } Jj-ii UjIj (HI jiu ijUi « (UU i yl*M j*(5 iUj ji ldL> $j>*> jj jiw U& 5 

, iwjjJU ik^KtJI will if l.»U*' -JJU J I W>j jiii jj JLjaJI jl j uu*Jl ,wiil <U>ul 4fA*Jl utf jJj 6 

jl jiull yj Jjj ? UjJLi M«4^ J^ 'Jj ^ i>^i J*) * 'j# lT 3 ^.5^ Vi* *^ j fj^ *^ v^ ! iA J* ? 
J <_n*iJI Ji iti_J iiiili .Li* if tElL ! i ic^H'j "1*1 vii 1:1 ^jjLu jLyi 1 J*iiJ 

t AjjjL^ )L i *_*» 3jU! WU jL*J i -SI -I UJUU |JjL>Ji_il iLlitl ^Lj fl 

t 1/ fl A J / ; Lu^'l jjjlill j» jj*±> jjJl Ui J^jJI Jl *lj+Jl ,y t^jJl j+j {,& (1 
GO" 5>j UjIjaj Syty J#l J| OjJiJ l:| i Sj^M 0* Jfi cJj Jly jl tiji* SjJ*j ji *jSj H+-. iJiLg Ha 10 

! a*I_jJi tLju^'l oli Ujlf J**; J4 11 
, lSj^JI jjuJ'j iljtl o-Lj j^ jJj jj*]' 5jlj> i>jj jii! aJjjij jl Ju Jli^ 

*" ij^jo 3i.ii V !ji( LjJjlIi \ iUi>j JjJi! i^.Ljl iuil ,'>ujO LJ ;'|£i.' JL£ 14 
CiJu J JILJI hj5 \ ijniill .,ijjl JJJ- biS . U^-u; >^*- **<?j pJ ■ ^jjLJ JjsIi LujS i- u» ,i jUJii-u jul H <^ui In 

Mjj j^*j i_^^ o^i^l JJ j-"^ 1 1> J^ 1 ^j-^ <*y LfJjiLJ jSlI y^Jltj iilijJI Sj3»JI J^L ^i ejLjjl ^ L Ifi 

^IjUi^^^l^^ 
July LjIp *L_ Ll ^L_ LL_I^j S^ij yiiJ oi* ii ij«sll cjUj**^ » $Ij i iiLu_i^ j* jji+ *j-i]| ji ^uj J&l 17 

( ' jUSw^J ^i>>^; jjji ^i ji lid jj^i j^ , (Us ji ti_ H ji ^ .jjji 

ji* SjAll 3J_» Jji jl uiis, J^ , iiw ly*. It^ jj -j-sjj M«^ [# Ls'JO? iguJI Jj>j jj ^m ji 
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( ijftdJI jL&!j jwlijut : ^juvjJtfJI cAjjaij\ ) jjjaaJIj aJUl jjiJi 



JjL** 



23-4 J) 23-1 & pL&l 

V liUj CLhJ 45l»j j* jUiJl 43^Lu ^oi( ^i U . 4 2xlOe lll 

jlI&J jIjIjJI ^Lj-£t 4ij£L*jj lSJJI >j}JI Li . JLj^fl <Ja>rf j£ 30 kffl JjyJ bJh vt*^ y* jIjIj fl*i juSmj 2 

j* Ifti . iTjll uj 50 cm i^ jJU jj^I *J"j cuii cwi Uli , ^** sTj# ^i iLiUt Kjj- lilt ,jj jyj ilil j^l 

J }L!5 Jjlj Jji (}i 1 -8 TTl JiL ijaiJ a [In i; iVj IjftJ~U ^LiL> SUt 0&lC 4jl>'jJl Cjljjfyjl jiAJW J*- 1 J^U 4 

■' '1^ ip ikjjj> 6* ^j wJ_vi*J j^ 1 ^j^ 1 <j* L** . 12 m/s IftjIjJU i*j-ij ijji-" »Tj* p^ ^>*jj ouS lj] 5 

« u -£*ill PUHI3 h&U\ ^411 ^ !*4»J'! tgJjll j* I* . £j*4)f m 24> Lijlii* <*jij 

JiJ o jjI Ijl ( i ) , 64 c ^i»ilf fl*iHjliLJ( pLlI'I {# ^[}J! oili il*,^ 4jjju* sljj ^ ^j^? ?U^ ^^*^ 7 
iljil c^5j> [jij (v) l - ,j-i*Ul fUAllj JrfUl fLOJI 0^ iJ-^l !^l p^ >£| 3" jLl^ JsjLJI Jylj J^jJ 

50 cm jajTJ.1 jw*_; iiL-Jl i^l^ IjLj . j*-aJ< fcH jiL; ^J jjlP <J t>^£jj i^jljp* {my*** bi>^ Oe^ p-** j^j ^ 

J J*Vl iU J ^ Jd) J}H\ d$&\ j^Jlj ^^a^SJl iift on ^U' j* Ui s i5j*H\ 5Lll ^ l2jft j ojTjll ^ 
,jjAiuJi Ojj 90" bujiji* 3_jjI3 JLia ^b' LiuAj Lili J^Jj Up^J iJiWi^** ^^j *>**«■• iiy* j^'j* ^^^j '^ 

. i^Uj JnSLJl JLAj fl^H aUJl U& p y&ui\ 
r^J jljj fUi U^l m , ^ jb L^Juj Ojj^jJ! iijijJl ojb ^i>j 10 Jj iJUll y j^Tjil ^/ ^' n ■ 

23-7 J[ 23-5 u* f L-iil 
t*»i ( i ) . aTjJl <Ul 4u cm iw J# «y 2,0 cm ^ly *-jJ ^h SO as L^li>Jl jU JLw J/ii »Li iiy*^ 12 

. 30 cm (v) I— »jlji* f-^J- r jI^I Jrf ^1 j* I ■ ^ fl ^J^ ■ ^J 23 f ' 'W > .j* J*J ■ ^J^ 1 ^J f*J* 

. hJ$l jU Mjf o'jL*^ u»> jjitl , 10 cm ( j ) i m cm h>) 

SjUflJl (uj*» ,^*j* J^»ji . 20 urn LfiU>JI jJi <Jm iyM t"\j4 (iLti 36 cm j-v J* 10 cm -OjJ? ^ ^*j 13 
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( ^i jL&(j ^ls*;> : i^J d^wJI ) c^i-Jij oJiiJi j-siJ' 



. 6 cm [.*) i Ifi em (**j) i 20 cm ( i ) yttll ^>JI jU>V V-JL 13 (Jj ilUl J*l 14 
J_a . dJ^jJl' ijtj o>j ^jj i>.ji . 30 cm L*jU*il jii JLaJ tjM* olj* *U 2-0 CB1 La^ ijiui iL* owj 15 

. a— l^JI jJ^* i^ji . 30 cm L$SU>Jl jJ*3 uu^ fyi* Sljt ,> 15 cm j*j ^k ft^jij S^a cij_j£j 16 
jju _U ■jj-.j' Lju^ ^Jj>j ^Ul jj-jiill jj L . 25 mm dj^l l*iw SjaIj il^j ^tLTfl 4j^l a>I jij*i-i 17 

. j ^jj !> 16 Jlllll 

L^*^>, 4_kiLku- jtij jl 3jj-yftlJ JL^-i 1j] . 1-00 m L$JLi^l j-Li J-^ 5^ iljj nUI U ^i* *^j y^ O^ 1 "* 

': m*.'I *JJO* -i** J 

? <_l*. ( I *^> iJaj l 4*^h>j ^jJ^ jj^j ji BjwJJ JjjI Ij| iiUI iJLdl ^ fwn^JI wj u*»j j^l 2ft 

& p+^\ iy (1/3) db aLj 3jl^ sTjIi ^ J*e> '*/** °'j* k*jfi jd\ 'jr^ 1 ^ '^i ^ f -1 * ^ ^ ^' 21 ' 
i-Jl jj L . SjjL iTj_* ^ y cm Jw Ja «jj 1^ 5 cm L^lfcji L^jfc 3j^» 2 oh 4*l£jl ^>i j^O 22 ■ 

. ^jJI .*> <Jt*J 4$i [+**».} ILjU* 43jj— (^Li ^-> ^ jj^ . 60 cm l^U^I jLi Jji »j*L fy djJ 23 1 

, ^\ *+> JLju! M h ^*>j iJ^w ijj^ ^L£ |j] 23 pSj ^iUi ^ p**Ji ^ j*ji 24 ■ 

23-8 prii)l 

*_^ j_s^t Liip iJjSils Sjj^-aJi ( Ljfc* |i( *Jj1*i * ^ji; fl ^j*> ji ) WLj |uk*j ^^ j^jl ( I ) 25 
: LiJloJl f-^Jl jU;^ Sit-ll ■«' . 25 cm [filial jJ»S JuO Lja* "il^ ij* 50 cm djIja* jai ^k 3 cm uliijl 

. L^Si jLj ^j flj>J-*U j*^ . I Ocm (_^) j 20 ( v ) 
Jj ? jj^ui! jljj* jjk L< ^ 24 cm jfJJI Uiv Ijj>j iTj* ^Ul 48 cm ±« ^k ^^ ^ 3j^> ^»jj y L< M 

i>y£ g! ijji Ij! Li f-» *-ij ^-iy ^1 ( i ) , 40 cm ^1 t»Aw La*- STji <b-^l>r V^ 3 j^ ^J^ 27 • 
mjII Ijji f liio-l* ^*JI (> j^i L^ ^ ^1* J«a>; if ,jS*il ^ > (-) f r^' 1 ^> ^^ >*' ^H 1 

V ^flB ji Lj f p>Jl iy iji J M^ ffi ■ *Vl 0* 12 t™ ^ ^ ^ 20 m ^ Uj ^ i * J * J ft* f^ B 

v j^iiJl ji.fi* L « ^1 j« Jyij iy oLu iTjll ^ jwj Loj^, Si^ ikJjj ^i Sj^Ji ^L^ IjI f-*ll J** j* I* 30 ■ 

^30 cm jjy JU Jul Jit ij** ^j- j* I* ( ' ) . 8.0cm j^l iu. 3j*i y ii^l otjS jo»i >S jl*t 3^ 
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( tj*ll jLi:ij yjli*il : *j-jy+JI £\ijaj1\ ) jjjijJlj oJUJI jjiJI 



_ 

23-9 ^JUl 
JVl> tjjJl ILa (>, ? Lui ^ L»jiij , 589 nm .^j3 *yjy> tLa* j* iu^il! i^l **jJJ ^Ul J^UI 33 

, jji »*£j *Lll ij^AJl ILa j_, sLaS JjU^ Luks 436 titii ij j^jJl & -i-^1 ijj^l '**U ^jil J^JaJl 3-1 

■ ••"/* (-*) « ^y 1 ^ (M) t **>, ( i ) 
Ujfi L}\-j, (n - 1.56) »LvJI ,> L=.jJ (X - 633 nm) ^ . .ji* j)J j* dt*j&l _j*>Vl (-yJl > ski jji^ 35 
j3| Ljl)l| y L*j (_*) V ^jil ^ ^j Uj ( v ) f gJj^gll ji-lj ^1 «^, (j* U ( I ) jjuJi ^ 30^ 

? *.L*)JI Jib Jj«Jl « 1^ 
. iUl pL_ ^ Jill j^I jm 60 c Ujiji# Lyfjj A- 54fi nm ^*jll -lUL ,i*Jl ^1 ^ *Ui till Jl J>jj 36 
\ j^yJI « »lil J*b jUi flail l^i^ jill hy-J\ J& U (y) if clll Jib >yji li^J ^1 jy^l ^* U ( i ) 
jj L ( I ) . ^jJaJI pk-JI ^ «Kil jj**JI ^-1 48° UjIjL vj'^ li = 1.50) L>J*-u fe-Wj k^ ►j-S Jj-jj 37 
jjj-y»JI l^ljJI ^L^jJ ^LUI J*J| ^ f^U_iJ1 *iy U»q ( v ) J ^LyjJl mIII Jib jL£^ Ljlj 

5' gjfi ^k LJUI jJjl FUJI ^J 4% 
-L»d| ^ I m Ll?ji| BjiiJl uj] , J jikb ;.(5 lj| (i. = 1.33) *UI Jiij t jpiJl j+ ?L*i L^Lti Jill HiLil ^ U 38 

V (ft =1.56) 
1,650 oJJtf rLvj jUiul JjUs Aly ii*i> * *_jjaU -j^_j!1 JjJsJI j^ jjrf li^*l> IjjAj rU-jH jLiJl JjUj j^Ajy 39 
^_i mJ Jb j^uJJl ^jja j> ^i^m pI*J ii-* . (A J fififi' iini) ji*^i iiJiLI l.filS t, (A ^430 nmj jjj jI *j-aU 

. p-La-JI Jilj ^llll ^L^jJl |JAJ [...ijwmJI itaijjl A»(l , 'IS* U.ijwJatjU* *JlljJ >iib *L»H 

LjLa^ j^ulill tl_*CJI jli IjJ in = 1.S6) j^-L>j t-jJU y-u rb^i jit >^ail| |> rbui I4J JaL^ ^1 LjljJI jljib U 411 









. ^^IjJliiJl hm 27° Lijlj^ 4j4j tU! Jilj Jw y^^iil 4m i^t ul*i jl i*l^iJ aL^* ^s ji*jLJl a*l Ji»"i" 41 

. 4*i'j blJAJj '111 tJaj. iJUil . ill I rJi^ J* 1 'm-" j* ^L^l J*t*~» ijjli j* U 

UjIja* i*j-*< JjLJI JUi j^u_> JiJuy t-j^JI jli IJli , L JjL «L» Jb; 24" UJiia ^jljj ^j^ ^bviLL^ 42 

f JiUI Jib fU^I jL£l Ljlj ^js Li . 2,3 x 10' m/a 
LijljL) iL/j ijliijl ajUi Jilj j_£ill frl»iJl ^jj , j_^«JI « 36 ; Ijjlj; "^ii jj-U JJ till r> ^^ p^J -^ 43 
, lkk*»i IjjI** iili^JI wtilj tUl jjj jLw^ll -Lj jjuUl \ : Jili^Jl djUI Jib ijJdl U^ ^* I* , 24 s 

ojJ yu m j_*^ jJ^.4 ^LjJI j_e fjjjy 280 m Uj(ja* ^*Jl oLt »U' ox; ^j^ 1 j 1 **- pJ^m; u*{j^ jjvw 44 ■ 
, jl>LjJI j— e 190 in .iajj -iLL ±ip t'Ji ^iu f LfcJi Jjjjj l1ll>j *U< >k^ ^k) j^J pIaj ^ lyJI Jltyj , *L r I ?tkw 

? Jul I pUjjl ji U , "M^\ J* 'Hi 4JL* J* *ili ji*l iJ J| tju&\ Juu pLfcill J-ar >J 
yJsunil *ii>j l-ipj* ylJ B uiL? Lpjj j* b (jdiii l^Jj jlwj IjjIcj , <L»-L«i nU» p Li jJ »UJiU4 Jjii <*ii* tziMj 4S I 

^ ; iU>U iJ iji>Jl >aJI j* U , 2.4 m jJuy 

23-10 f**iJl 
^il jjt Li , rJaJI _pJ ^i Jj 1 <^'L »L i£j} 7J1W o>3 4 m j*^ ^ **i ^j^j j> ^^ fkS dp^ 4(5 

r ^1 ji iUiii ^k ijj^j L5^Ji ii)*ii 0* t>* gjef fjj LP JyiJB&Ji *• *m ^ *wji 1^*1^ ji ^ ^j 
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( *yJi jLsiii >L£*ji : iu-j^Jl oljAfii ) jj/uJ^ liJISJi >i f l 






j tlpj* ^liby (•! ) 4 Utf* 2.42 UjUEil JjLu j,LTj|l ^ Ldai J>Ij ^ 4*yJI Vjljfl j* b 47 

**;! 2,7' JSUI >Ij jUWl i<o!3j 36" LjLJl tyj a*i£j . U JiL ^ j| .I^JI ^ ^ fri ii- 49 

, -.1^1 Jl ^jb J5LU t*j»ll ty}M 
^ :>l ,. l_,!j l^-l>j jij>* $* BjUc di!j^ i±u5j ►Lit, o^uk^, ^ijh Ud ^l* iiu-su J>y> J* 50 1 
Lh JjJjj tUI J^Ij ,jjji pU&J ^ -^U lyiU <<# j^' ^ L ■ L6 ^J 1 ^ 1 >*** ^ ^^ ijL 

lyJLjlji- iylj ^ji j ! w . 1.45 l^l JU^'I a* SjbJ Ja5 y fji^" i£i-*f «J jLSil JjL« ^ 51 1 

. *U1 ( V ) j ilj+JI (M) ji 3p .iftStS 12] QMj C&OI 4**Jj ^U IjSjjkiA' ^jjjJI ^ flffl Jy^ 
J^j iyj . ib'j^l w ^ i*y jV* 1 £*0 . 2.Q m I*** 3j^ **ly JSji jH J^ ^ ^ ^j *2 ' 
^i J.I j U . <u>U 6* -M 1 .j^ 0< J! ( ^ b ' ) *fi J >*J ^^' j* '--^ C 1 ^ 1 ^ & * W *'* 

23-12 j 23-11 jU-i f l 

Uii# »j-dJl Ugkj m*j **ty J-%-jl ■ 2,0 cm ii^jl f-**J Sjj* 40 cm tgjjlj L*^j ***** Li.u cj# 5J 

. UiSl jU r ^ ^IfWl > $» - ^ cm (_*) j M C-mS (y) , 100 cm ( i ) ^ ^Jl ^ u^ 
2.0 cm wliJjl ^1 y^JI jLS ^JJ -JO cm jj^l 'i*j« "^> ^^ L^>^ j^ 1 'jj^ 1 *^J f^3 f*J* ^J 1 S4 

. LuiSi jU yj ^lii^L Ja>o . 15 cm (jh) s 50 cm (y) 1 10 fiffi ( I ) i« Jfi Ltyj- 
t.j-jJI IamIjj ^— ^ J^ji , -40 i;m Lij^JI Ujjaj iijij I* J* ^Ijf 4-0 cm ^liljl j^ JW ljy> <=^fi ^ 
. l*iSl ;U yj >IJtKUf ^" . 15 cm f+j ■; 40 cm (y) v 90m { !) : ^11 '^W J^l * l»ja&j 
s,y? bwt* ^*j ^>y J-*/ - 3 cm v^jj ^-*J ^ oySSl 45 cm rfjjjl L*^j i**« *-J* r -i^J ^ 

, USf jL. yj^ j^ . ^0 cm (_*) i M cm (yj < 120 cm ( i ) ; Mftf* ^ ^ 
ju^I jji U ( i ) . 4-wJ*II ^ 20 cm JJL-4 ^Jj: L,j* ^ 40 cm u< ^ yi>* y>' ^jE d^ o;jSj 51 

': ^jL .1 W*-i i-J*J^ > (yj ? ^-^ iSj}^ 
.ijJl ^ , L-j*JI j^ J| 30 em ^ J? »£*ll ^ Jj , "^> ^^ jk JJ 60 cm ^ ,Jt ^> ^j 56 

. ( Vj1 ^j> ) ^ L^a ^ **}J> W^ <¥ ^^ 2 - 4 cm ^' ^ ^^ ^^ CJJ "* i " 1 a 
: "o,^! ci^L^ lil 4*yiHj LdJi 4*ttUJ a» U , 4*^1 ^ 13,6 cm *, Js M b^> Ljm)I ^ j*j 

f ^Jjj (y) j U^» ( I ) 

J ^ I iU ( i ) , j—Ji^ uJi^ >* i-jJi o* Ln*, I^iB =j^ -30 Mil tfJ^JI L*^ 3> ^i* mijS 60 1 

f y^J( rl^jl Jl Lu-JJU ijyJI Jjb j* Ls V p*Jl ^H t^ 

i>* ^ ) a *^i mn*. (WW ijs ^" fj^ 1 ^^' i:i ! ^*> ' L ^ '^ ' u r^ ??* ^ ^' ( ' } 61 ' 

-su- 



( t^oJl JU&lj ^iliui : i^jju^JI oLj^lJI ) OjjLji*Jlj ^JIjJI Jj-JI 1 



. L,jjiiJ ijiiJl Jul cIMaj waII Ju ±>ei . •— ->Jl *-*> o-ju Lpjs> iju j^iSjJ Ojij Lrjs gjujl>jlJ 62 ■ 
t kJ U ( I ) , * -*Jf J-jJ? JL_ul UjC -jJ»L (Wi* '*'j^; t_->j L-^jjLi 3ju) jj^il" jjjjj -w> »Ij>jmi j|_u, 63 • 

p j^l y* L* ( v ) ■ 3jj*all juiy i»ji ( I ) , / JjjaJI Ujw iiji* L*A- ^ 8/ ^ jls ^-* £-*> fi4 ■ 






23-13 pJl\ 

uufi i_>jl ( I ) SO cm U+_^ oLJil cuU v_j^-j /" = 30 cm ^Jjl Lp* J£ j*j ,jW»* g^Uis **■*} ^ 
J_* (_») V LtjjwiJJ lJ I£H jjj£jJI jljio U (y) , Jj'JI 3_i-jJ|' »jI 100 cm -uy jk fjj^ |w^ Bj^aI ^pL^wl 

8 cm Qjj^Ji Uja/ Oj*j 'Lt& cmwj pJ . 10 cm ^jjJl L*j*j U*** a-jj ^U1 1f> cm ±>u J* ^ ^ 67 
L L* (ij) . Lij-u^Jl Itwl^ 4_Jj_£lLI -jj-JI j-fuj jlLpH f-ejll J^-jl { l ) • Jj 1 ^ i-f-Wl jjj- 50 cm 4*j ^ 

»w^s- ;<-i) *J . -36 cm ^jjjJi Ldjuu iijii Iwjj »Ui 36 cm j« ^Le 24 cm iij)^ Lftjjy ^N> ^J* slajj 68 

. ijuLpJl ijj_»Jl jjjl£j (y) i juc_jj ( I ) JuvJ . <****! I iuJ*5l tUl 6 cm jju ^yU jj--s 
'jiv 3jL ^jj citij *i . 12 cm iij}jJl Ujuu i*4^> Lg* Cm ,JJ 6 cm ^iLu ^k 1 cm utiSjj f-** £-fy 68 
ij^Jl J-*j . LuLpJl jj^-ll lj^j ^J- r i*}\ . 4iuMtJI i-onJl jL* j| 10 dtl iiLn JU -24 cm ^1 

V j.ihls* >l Uji«^ '; ijjj-iij #' ijiuL> 
, 50 cm Ufjjj 4iL_*ll cjjLS iuw m^jSII Ji 20 cm i 1(5 cm Un £t*uj#II Lal.uu jLu*-v>j jbwij: o*jj 70 

J> i^aII wbj ^ i^jt ( t } , Ji^Jf 5-jJjJI ijj Jjyl 30 cm OLu J*j ,j,UrfjuiJl jjjj a»«>J Bj^jj O;!^' '''^J 

FQ <j^ J iJiUj i,oLpJI Bjj-aJl > (_*) V ^LjJl j^l ja L (w) ? ojiJf *ib *] £}j£D 
SjU JjLuj 
, ( 23-11 ^L tijjlf "^^xUi rtij ■ ^LwjjJI *jU iJy*ti 72 i 71 ^bLt) jU6 ) 
^. J?] = 100 cm L-a Uj-*J-— tLl^i jJJ LJLdi jL5j cwli T Uj Cn v-^ 1 V^" ^^ li » lj ^1 ^j-* 1 71 ■ 
. ^Q^ <k>bo owtS 1% (v) V *lj^Jl j3 jj^*^ CiJ-S IjJ 4-.-«ll lSjjJI iiJI j* I* ( 1 ) . -Ra = 20U cm 
jj »lu_J h j J^Lsvs ^«ji; Ujie ^;}*JI Iajjuj . ^jjuJI ji !j_j-A( jjiJ 'mok -55 cm y '6ju 3_jj*J jjiJl j*JI 72 ■ 

? Jit^l tJsJI 'liaJI jJaJ ui-ai J* LJ CRl = ^) l*«»-M jjU^II jJsuiJI ylS IJIJ , "15 Cm 

_jj ^1 j-f VpiUf (jjjj UjOj j»jJJ jjftlJ-il J-jJI jiij . !J^y L; yl« JAU* v^>» fji ji ^ j-jj. ^ 78 ■ 

? ^^>U JuIbOl j-*Jl ** L* . 40 cm 
, JSUJI ^__U p^JJ 3j_^ 6ijiJ J^LJlj j^l ^ W*- "^j* i*^^ pJ . JiU ^ 60cm j*j Jt ^ ^j 74 ■ 

Ijuw U- « _j s^ ■*■ ,;*■ ( .fiSft = /^ : jjj^OI ^it Jjjj J&j Ufk* J---JI jiu L,jjJI_j Bljil ySJjUi o 1 ^J 75 ■ 

-912- 



( >y)l jLfclj ^liwl : ***M aljjrtJ ) Ojj^J *=»M > ij! 




. ^ f i U*> W^ J*' *# &I L j&J ^' "* ^t* ^ ^ &** ^ 
. 25 cm ^tt*il >S 0-*^ V ft, *. jWI Ji 20 cm iiU J* 10 cm ^1 bu* «> -- ■=** « » 
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tiipalljgljiljtfilt 



kt c "--,i L^jllj ^Lj*!^ il^-* ^LJI J-^ 1 ^ SJ -j J 
l}[ L J^ iti M-L\ ^J flj ; y*-!l kill |*H** 

^ sLL'J U Ijx6 t*& ^Jl JihtiSfl jjl>i J J jJ>> ijiU 

d^tSj >ljUI ■!* Jj*j ^ &1 ^^ j3j ^ ^1 *M) ^ ^^ ^ ^' ^ 

. t> iJJ 4^>ji| iuikJl J*& L^- jL J*tf i >ill li* ji lil l*3jj* fJ^ J ^' 




oU^i ^-> a-ijj Lfj)Pl f kp« ^ ***y iiy *p 2irl J^ 1 J 
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( j£*l1_j jiljjJI : l&£\ oL/j^jJI ) tijtvil} tfj\ >*JI 



^jj ^ jiLwj oiil ( l JlU- oL*-jil ^ J . ^j&j 



>lX: 



jL»^1I Jsy J J 






. ^'jJl JJi USlj! iliill 
/ 

H 






MO 



M 



,j_iuL ^LLJ i^i^L^ ^j U | ^^1 ^^ ^ Ij^ J^j, ^ j^ ^ -SijJl ^ ^ 

JjJill jj-uij LjJJ& O iii^.s . l*ii , 

iljLal-fJ J I ,q i)» J j . ..i. m , i S jJ*-J oL*Jjl ) J .. i ,t 5 ^t* til i. j.1, "* - J <UsAi Ji JakJ 

, ikj Jl i cA^JI i*j-u JL'Jj ikiiiJI dlj ^ 

^_s jJlJi ^L Jj^ t %4 ■. 24-1 J£iJI jj wll tj^ij Lj /,_, ij*j 

(£4 ^jL-*Jl j™*j oL*j]l j- AXu siUjJ d ^iJj . Ij^J^ ^■> i IjJ^a* UjJw ^Wl 

, >Wl J^ Wijli liftft J5 '.Std J*- y$11 

IL& ^_> ^jjL j5j . Ljlijj, Jj-Jl <> Jili^L^J j)£j *4-iJ* jLu i JE ill * ! ^iSl 

■—Lifit 1 J-5-"-. 1 J-lsJl 4-JikLi Jib oL»*J Jjmji ijjjti kjiill |^i>j£ <iui j*J A j^wl 

oU-ji' jLi (_J>-) tjpJfJI jJ L*S df J ,> jjil j>_yl JjlaJl T^dJ U-iif Ul . K^i-jj 

j^j 'jjj i jiUlJl jjj jl f^y ^jj^j j^jji J£^j JtOl ukw J>U ^Xv 



>IjUI 21-2 



J— *j iu*> . 4-11 oLj-u aj JjLoJI o-fc^JJ i5p <o*5 ^4-2 J£iJ' jj^j 
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( jjjp-Jlj >WJI : £-«*p *Lj^*J ) ^jjiuJIj «ljll J*saJ1 



>Jjl*l( £H <-"P^ oLj^l ^^ ^ *»J*j ^ ^^^ ^J ' ' Ul ^ 

^**ll ^ ttUll J-Aiii ^ jJta i^" V 1 * J^ 1 j 1 ^ ■ *** >^J 

liiUl oLjsjII d jjuy . ( D >jJL ip >^ ) J>i ijk* J> ^ i^M 
. ^Jjit J^ irf Liu L^ jiJyj ilw* AJJ *** U*W U>d\ ^p„ ujj4*ll |> 

iLi &Ut>4J ^**j 1*4** i . *tJ jy *-L ctij U j J *£ U yi ki' jp 1 ji 



:24-2 JLA 

Jjjj ^ ?L_L Jii J*l£ ttLi 




±j* 4^Vl UIj>J jJtf *U3Jj , IW jl A/2 j^* a£*p jjtfjjM J** 

kj^jil J *JU!1 tifl ^ JUbj , I/* WJ *Li*Ji i>jil 6^j ^1 tjltf ^ 

tlj jp ^LS ^j ■ 3U0 a jl X ^ £*S*p tw jpJl j» &Ul« '^J * *•« wW 

. . D*^^' in ^ ^o^r^ ^^ ^ J! ^ ^^' C*^ J y ^ ^ J 

j 

alii % ( jPJI ^ J ) ^jj^ 1311* W« 4 J^ u^l^ ^^ 
Upli uspo'l L^pJ VJ 1 ? HS : ^ ; 2A ' A ^ ,jL ^ ^ ^ 
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( jjjjJlj J>LuJl : i^jll cLpfljJI ) jjjSwOlj gflj^ JiA^I 















AAMAfli 



£j4ijil 










ji j^yj s (fr&tjt j-jjJwm *U*J*I J-i* ^LUl jy _5bJl Oilii jl j 11 jjaIv-j 
_ijj ; LLuu jLLi jj J.3JJ .j^jj*aII jjJ* j.j ii*.wl lv-L*vI :..' i> > T JtiJ l LJ-i^ 
iu> ( 24 4 J_kJI Jl lie*, lij HUl si* J,L- J*JI .j-j . iS>! jbU J) 

jjLwO U^J , Iu-jLL»J1'| »u*J. J USLuj oL»-_J( j%JjJJ S J A ^J£ gljJ-al' «iJ 

l^av ^3-aj j+j ij^-Jj *Li j*-* '-^ '<-* jy ^ *■** ui ji ' j*j*i* j* **& 

>bu >±^> ( (y) 24-4 J&JI Jl c^ ! »My* J *J*jN a^jl' j^ p 

JJl^.1 **S *£ ■'■,;-,■ J [> Wlifi <>jJJ )1*mJI{ ^ 2 J ljL ^ R i> i>J jL ^ L ^' 

i>j SjjL^JI oL^jil ^^ ^JLJjJ LftSj . t!j-^ <-*jll wUJ JjJ Lri^ 1 
^j Di J*JL Oiijri-^ 1 BfriWI ^ J* *p*i W* * *M^ ( li * l/ ^J^ 1 

^JL jiSli jlit > ! J1- fl Wj^il u,ii 24-4 JliJl J) 9 OjljJl ojK IjIj 

^sjlvjIi ojj jj^i i-^i. j^ jf-Ji ^j^i J^^ ^ jlj >* ^^ ^.? 4 ^-j^ 1 

,24-2 JiSJ! J>2il>jkhHJjb J* 
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( Jj^>Jlj JJ-liiJI : ^f-jll tnUjafljJl ) jj_^ijJij *j'jJI J««iJl 



] xd'il !-.<■ U'j. 'jjJ£ ijjj j!l Ui\jl />f yjju 4jJ>'j', iijLmt j'iwu j]| ijlw 



AAAt- 



"^O = u—JI -iUjfl 



■^ 



th 



/,, ;,,.7.JuiJJi 



r_!] . ai < .u • a 4jU> t|j| ana 

uUiill jj — ^ ^ i^ji »^i w 







tv) 



jJsSl LjJIj L^i os-i j^I ^jljJJ 4jjU* i=Jiil IJJ> ,y iyljH ji J**j 



d &in (9 = ^afl Jd*aJl 



j^J^ wilvill (jS v ii> li»l* ; 4,»)E La^l* £,i-*M ^f Ijilijjfl jhjS v^ iffy 

: jli n-A ojlji* 4-! SiW ^iu ^ L^i :J z 8n oJlS fjj dJj jXtj . ^ 

nA = ffsinft. >» (24-1) 

v. 
3 i*^jH & ) 24-2 J5-A11 ji ftriUI J> Jfc * = $ * JM J#- jW 

n ^ 2 JUL. UjjJj , ft = 1 = dflin fcb w i^j i j^yji U*^«l V-"^ i^W* 3 

. g/U d 5111 2 £ft|j & J-iJl Jjt Ji 
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( JlJ>JI« JiljjJI ! J-A>i|< Obj^uJl ) |jj »£mj(j .*j'_fJ^ J^J 1 



24-1 **■ ■ *i' ; JL* 

J^JsJI ilj a,U cm _jj 24-2 J.&5JI jJ (j*-»*mI u^jJwaU i>w ^^Jl ul oSjdN 

* B?. iijii'l ij- Laju* iJ-Jvi it^' iyljH jj* L 0,70 cm ys jjf-jll 

iJjjJl J»j-j^ i)\ U*^_jj A = 0.70 cm jij d = 2,0 cm 3I ^J*! t _"-■■' JV jjaiI 

: o*J (24-1) lb 141 ^ yi^St^ . n. = 2 l*jj« 

2.0 cm 

, ^iS'l laiJt *, 44 u Ujlji* Ljljjj ^uai- Bz t^kiJF ji ji s a = 44 J ^1 1*1, **Jj 
. 30.5° : *jL^-]|H ? fli J=jJI ju^ **jlj **i Ji* : itfjtJ 



^ijj ^jjjll JSJI l^j^S 24-^3 



t jj-J ■ -■ > '< ) »■""■ f ^jL»u Ji-l-lJ Ji>- 24-2 «_iijl j _sLt^; Jji 'u »^jil ■-■ ■;! 

ErUjfl iSyJI ^jStjO yl 15-8 f-JUl- > >JJ JUij . ^-**i *-iU| ^U- JL i*U 

4_Ji , A-sjsjL-u £y-£3 ijl 6— " ^ 4jjJ» ijjj-ail .iLs-jJU tjl lj# Ujj Sl>|j5ll «-UI 

. i-Jj-ljU _ilJi ■i f li».F Ac- '& I.J.LJ 4jJ}L J J ---" ■■- uiijlil t|j_ l ijiLu tiAji-tJ 

Jr k.,..io.*i ,^j a. <i~i ^jji ji Ml - Jjjf*-!' (> ^Lju ji ^L^_ tjjll /j( 1660 »Le Ljiu 
^i Ijl U*Uf LjC** ^!_jj_-JjJI dJj ^S; jJj ■. tjrfjl c^Lfc*.**- j It I (J ^uljiLiU dt 

• La ji> iiUj5 jhjMI JJpj . ^^y t^ii^iJ JjJuiJl f^ljia. 1 ] Ijtj UjLZj ,jjlJJl jJaju 
. /wlf| jUu JLp iJ»-iip '^ill ■w^jil ^AytJI cwm>I UjJl« lHUv! 

j 1803 ^»ls ^jl*3 ^lii (1S29 - 177S) ^ ^Lj ii;»#U0^l r r UJI jA; (u 
y«s j-> 5_ftjij ijj*i —.j** j_ia , i*Mj-ill A-L^^JH J*<j2 ! ^i j^-ajl jiJIj 1807 

UuJ jjsLI jJj . 24-5 J£^Jl ,y ^^^j y> US' iJ$a1\ jj^Jl jj i*ti ^p Uj-U* 

_!i ( t-jlj—iMl J } LjL>X£— II ^jljij J -Fl\... ^ *;-'-■• iljUli jJpUl* <jj Ujiur J^ijilJ 
jL^ a_jJ~JJ li5Tj v' 1 -**' 5 " 'J 1 *-' *SIj*U2l» 4J *i^*-bl jij . LWtiJl ■— iii- f-$*i>$* JiL>- 
£j^1 iJ^yiiL-rj . JjH\ 3j_ftJJ ij-iJJ ^j_i^3i' J^JsJI v»**i ul ■ <*^-j« ^j 4 ^ »jH*Jl 

. dJj JjuJ 4JUJ| tJill 1-JjiwMl jli 

LL^ j^-ti ^Ul jj 24- 2 J S.f.ll j^Jt oUJl 4Xt y-ijjl ^J^l j|ju*il ol 
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( jjjftAj J^-PjljJ1 ; 4^jll O^l ) yj>J<j ^ljJ> >*J1 



:M4-J* JS-i 

uL_ja jli i+i>iJl u^wj4l i^-illjj 
#& (3* & M U i J^ Jil^ 1 

-iul iil ji uILi .1 iu Lj—L 



JM-2 J— i4!i J* ijjaiJl s it .jjl ) 




( Jh^JI ) i^Ul cjU^II >ljui^ ^ B Jj»JL iyll ^jll jfclii 24 G J£i 
v LyJl . &d& jui ^Ji*J US- jiljj JJ JyJg 3>il aJIjIIj . 24-2 JiiH j) 

Lj£" tUl oU*« Jj-lju Lj^J ju jJatuJf (^jiihi** i-j^ Ja+J ji-*^ 0'' ^^ 
Lij—Jij UJLuj oLj-jj uUUjj 6-jiill tjJJI ijjJvM J*£ ^^Luv! alii-I'i , Jj 

^^ii a, ^1 ,_jUi j> $ ii^j 24-2 j&ji ^ ft .> Si c«aWi | 

24-1 UiUH jJaJ ftl t vl- T -- I lil» &*: yJU* 24 5 } 24-2 ijjUJJI jj Jiljll 

L£ irij— II »Jj y> n i^> i nA = d sin % ji ~; J ^ijll ,JAH ljIisI ^1* Li 
^.jii Jjjjjl ^j A U i j^liJi as iiLII p d 3 24 G J£i!l ^ *J| jg 
i'O) L^i i^Ji Ji J^yi fUiJI ^ LijijJi j* (J S c^b" L&j . ^ 
J-.I Jl f'wLUIj jjSyi ^L^< cm S^jJl > 6» 0j"3 iiV JJ i^-'j" M 
T %kSi\ IV 1 IUij . Li^JI Vj Jj « b » ^ jit; L* lj*S) , m ^■4 JI Ji 

. <WUfl iii^l Jj 4JJIA ai^oJ S;: VJJ J: 

. yjjy ^_»jii j^yi vLl* j 24-i iijUii »ij>j^i ,> ^ j^ i^>j 

dUi».jii jl iSs Jb ii^ LiJJI j**4Jl t*j y> vj^ 1 ^ j^-i^-il ^1 jlij 
Li^iu Lj* ^^ JjJ» J-5" iJ^- jl t^ 24 1 iJjUil ji d^j . '4£ 

^ L^ J -■!'» ^j ,^fi U v/' ^j^, ^jj 3 ' a Wl i^ jijJl *j-&ij 

JX^ Sjj^j ^*Ij ^ o1i ^ ^^- ( ^ W ^^ l J^ 1 'J** 1 Ji " * 

. 24-6 JiJi Jj itfi Wi pitj 

i 120 cm 24-5 Jiill y L c^ l S ±+> 1&'j>^ <ty^ ?&> o"5l1 Jj^- 

jl ^ijfiJl J«J ^ ^ ^^ ^ * ^ * tt-025 cm ^aJl jju ti «iUI ^Sj 
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i 






{ Jj-*Jlj J* 1 ^ 1 : ^*jJ ( ^^ ) 0*^3 gijJl >*ll 



4 3 2 10 12 3 4 



:24 G JU 

£Jt ^JUsu j c M^ J* 1 ^ ^J* 

■ ( *£* y* J* 





Jl^ 



UJlifli 



tan e ^ = 



^53j , 0.50 cm jj 2 i_ij Lj+JJ ,^j3*II )SyJil 
i : J i^s 24-5 jiiJi 

2«-0 iiUi 



0.50 cm 



-0.00417 



I 120 an 

jj i^-'iaJLj tj-jjjJJ j>tll Jikll >w*™**j j^ cjIjLjJI sj> Jit (~Jjrj *4*j-jI -U* 

; Ji 24-] UjUJI J L >iu_jAlJl iJJ J-ft> jJj C 4^*- jj^j *JM 'Jijt 

i = £ sin ft . a oaBxio^ m sin _ 24 = ^ x 10 - 7 m 

n z 

500 nm jpw iiv ^jil f_j_ AiJ ^jll J_jDl £|i gtlfij ^1* Ijjli *^l jijuu=j 
^LJB JiLl j4> j| tjjjUj lln ^>a U Ltjj j*d$l jjj^l l JJ ,r^ ^^' u^ 



lift & 



^iLj.^i i ;i_^]| LIL* ^j Lalij JWilll UiJsl J JUj (jl Lylf sJAJlJI yj 
jJL> jjOJ-. JjJJI ^wUi) « <_^lj obi » jifrjH Uj-Sjl* J* ^M I a»i^i *J^Jl 

iJJJI jjt J^l Jill Juj ,>iJj tj-aJI Jj-i Ljj* i>jll Jii iJliiSI J# LftfjjlJ 
5Jjj kiUyi IJJ &* 5jtfu» jSjll *jJJJ 4j^Ll Jlj^lj . ^>jll JjisJI g* Jfi&! 
jl-j*^ ^j^sJE *LiU piju iUilj i J( Jj^I ^I^U IfiilJI LjIaJJ ^l^jl ij$*\ 

J_f.-'H ._i JJUi^ i iL^jLili ^U»*j Jiljl r l oljjjU iJujj J lUi*3*J j£ 
,> Uj^i m tjjL^ j^L cjjllf cv^*U i,l lilj tijilcl Ujl US . ^jil JjUf ^j 

j> ^C'5U ,^uJ! U+^v ^ c-i W j^jil JjWIj jli« ^ ^Ijil' ol>^ 

. SjJAt« 

j iil bjri ^*i , J>IjoJJ W J| iiyiAtil fajJi Jl Djjilil <^aSI i+jjJl ^ 
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{ JjjpJIj JJ-IjuJ' ; "Li>jN ubjdJI ) £jj2im1\j iuIjJI JyaiJ'l 






jli ujjjq . ^jj. 11 ^>u , nij (f -LuiJJ 4j'i>JI .*dLu jJLiu f-LcLj i "lUi ( Ti.'il 
J-n f-l j>l U* j- u j o liil ^uLkjil j I i ^ja>i . ji**^-' ikwlu |\jjJi*j |J^«1 JJ 4*Jl 

. &l LfcJl L ji jil LiikJi Jffi\ JJ jLj«j iuLl_^ ^lij£ L^Jlt 4*jJl ^ 



^liU^u^U 24-4 



^ J] J>j Ijli t 23-9 f-iJI J Liu Ui J r i£j_i -aiL fljiJI i t*Jl Jii 



k VBO 



(24-2) 



. fljUl J) *jill jJml Ijj U* j-ail LiJ^jj j£ j£ull *y^i ->jll JjUl ji£j 

^jj J^_b J^ <ji jJJu Uyiij , ^4-7 J&JJI ^i -jy _j* US jiuiJl L^i*j Jl 
jit i^jJJ ^15" y jji l^iy JI li^'i ^ ^^iiuj . tjpjU *L1£ jjL Ljj Ji*j 'J 
.—J Cjljj*l jj* \jnLi J^ t5jl>jivj OL> t f|j*JI jJ L jjIja* wjb ji ^'jjJ-' 1 > 

. L__iJj ^Lill Jj^ajJl jl— ill -ul* jlL Jw -. mj »#aj jJ lln Ly Jjfij 
ist-rjj L jjliis uLa-i Jj-*j o3ljJI ^jil Jlj]>Vl jo* yl*>j q1' »yj J** 

; ■■ n,,Vl ,'ijjij ^>u JuJ i|j_lJL iitai fi CjL^j' Jjjw 

I UjIja* uL^ Jj-Ij , U**ll JljfcVl Ji£ Ul j (24-2) SJjUs JUi,^ ^ 

; Jb U T buJ^I Ujfijy i ,-jUJ! j_jJ=JI ^J ^1 j^ iJVi u ^j 

i jfcJsJl J^J^I J-.'-..'.' ^J^*M ; n IjLiiiil J#U| t Li lijj J Jj <L [ jL IjLj j; 

fljfc-l ^J> l\L ajljile jLn Jjuj LJi* h twJl 

i. 



Ij_J LLL, l jii; i-^yij jMil ^ JjWI ^L Jay i* r U Ji j; • 
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( Jj**Jlj JiljJI : A*»Ji1 l^jUj^mJI ) j*ji*Jlj ^1 JI J^siJI 



L>jt .jj jJaJl .j-i tAJuJI jL^o^f 6jj-»a* dJL—iy (24-3) eUjUIL UwJjM Ujuj 



C^ ?• s j' 






vAAAVWWvAAA/ 






'tut 



:24-7 Jli 



, 



Nw 



•ftuL 









AAAAAAAAAAA 

ft- 1) 



i 






'vac 



. LojT BjjJ {> (Li itfit j3 !jj 1 juWIj Lvvvj g^ ji Bjjj^JL ur J jjl lifrj 

J_»(j^l l_lfIj> £n jjj£JI LiJUi ua £$&ll iij-*jJ ( jUll *>*** u*aI jJ^uj 

. Jtlil ^*JI .J uy-* Ui 

24-1JH* 

Uj r fljill ,> 1.00 cm UjlJi* iiU ttliil ^Llfy oJj r L*j J-w ^ ,y» U 
, u^jQI ijjjU j* j* f 51 Jt* 600 ran ^jll Jjt ^ ni*^ jjJi ^ Ji J^JI j 

L„l = r$ y^L JJ*i\ iUL L wl L ull £801 ^1 d*JII^ : ^L»)ll 

JJ* Lj^ .ilL; Jjj BjUI iJ Li>JI dbJI i*J J ib v>H ( 24-3 ibUl ) 

, L 5P t = 1.00 cm ^ 3>b]i L Iwj j*i ^ nSj*J *jff*a ^fjiJi ^ 1.00 cm 

\ 1.00 cm & fi ^i j^l jjjJl iLs_JI m| ujli ui «*j3l J* ; J1|* 

, L+Jjiio jjji ^^ j^^ll Jjtitf j^i3 fo> 1 UjU£l JjLw jjJl SjUI : Sjt>^l 

. fljill ji HL£\ &> jrfJl dU- Jif>,jji>4- aljjjJl jjj: ^ i,|j Ij+Jj 

9 Jw JI Jj jL£ii ^ibu> U i«j ^ ^ji'l JJaJl Vj^ ^ - ^ 

.j-Zjti Jj bJl j* A*m dM> i JU s Awe/ft &j^ ■ I* i*-j J>'J ji : *J^> 
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( j^pJlj JJ-'^I : ^R-ji 1 ^W ) Ltfj^'j M^ J*Jt 



UjibJl ojjtJi jjj 1.00 cm oIjja* tjj/l Lopi ^5j-^!l iV-JJ *f-JL , A^sLLtJij JaI^ 

s- J fi 1.52 
L(^ U i) = I|Bj2Il-4.l3imn 

: is tljiJl <> 1.00 em ju*jj 

LOOxlOlm =167 . 10 4 

6,00x10"* m ^ 

oli L^ LJiLi, jijWI ±J\ &j4i Ji) . Ijy ji ll*j* ^> 1.67 x W $ 
6.68 mm jLi LiAyi *JUJf Ji; , ij*^ Jl^'l Cm J-^ 1 it* j^ ij** 
fc< t -J | ,> Ji" ijji*^ ' i^^' i> 4. 13 mm ajljld J+J ! j^ iiLSj Jb^l > 

. L* r TJJ, 1.76x10* jrf 
; 24-2 Zj^jJL (^gll i> JS ,y y*jl! JjWl ■*■***) 

£■ J 1,52 



J^^fl^^ 




UAJ\i*fi\JJ>\J3Xl 24-5 



j. hi' Ufc Jilil i>Ua! **^ *^JU* 



IV > -J 

oUi 'j-Ai'j 3-wVj *-**/* jy £ *^ j M i> Mi*^ 24 ^ J&*l' b& 

Loj^ 6 fUiJI tbL^j , jSUI »LWU jjWI ^UU oM^ L -^ J,^ 1 ^ i** 

CnJ^i; jiJl yLill Jj-^jJI jUdl JjJ? jJ& j4« t Li i ,>j* l*iJ( ^ jjtil 
; jft _ j^Ul pill <y t^jj 11 l ii* . jjUl jj J^bi^ ij»j . 6 ^U. 



2(17. 



4^-^=tja^Wl^^i^j*l 



025 



( Jj^jJIj J3-IjuJ1 : Ifrp oL^juJI ) yj/*Jlj ytjJl J**) I 



^. <■■'! tj_il1 ^Li 1j$J], >L2ddJ t5jWl tJ*JI i^sj b fU^Jl j^_ Uj^ a tl*iJI 
JUoi ^ l^jji Ijjj 2t UJJt jljiiil ^ ii| Us t L^bL^ c^ >UAJ| ^>kv ^ 
&j$-, c^L*iJ( .Usll cjLs ( if] . . BAft i 3A/2 i A/2 ) !L*jll Jiji^'l 

I W j, 

4^ 



:24-S Ji^ 




MH(a= 1) 



Ji^sS'i jj-S h ijLJN jj 'UJi JiijjJi o[J i «***! ^ <L:ijiJ1 \r*' |; ! c ^J 

♦jjj| ikJjj *b^l j^j . jj-ail &* ijjUl Jj?jU Jljt^l jS^ jjj Jai *f*jll 

L*yl V S_LI U£>^ Ujl ; jbj^i jJ Uj£ll oL*yJ ULiiL > jSjfl dw, 

. jJ^IJ o^il.1 J_jUl iifi yiw Uj^ ( ijjj J-^> $ 130" sjlji* jjiJl J \j$ iS\_ ) 

sjJiUp ii*;* . jjLH J jd*j if I if J>^ ^* j3jM >* ^ u* 3-ii*li' U)ll ^ 

. jW^-j jUUl Mw UfrJ c^jU ^ j-itfll j*JI J* <-j-S3l ^i^ Uw: ^L" 

iLiLJl i^-uJ ^,.,_'j ^. s jjj Juw vjkll Jl -Jl" 3 -' ■ Liluli l^-jil jlj (as > fll) 

. -^ jLju1 ; ^ 
i^U IjLi . j5 _yi y JSW ijji]' Jk j*s L*ji* ui^lf J>^ *jtf ■*&} 

ii>fl >uji ois L?^ 1 -^ >^ y iso" jj 1 ^ ; y*J [ j j> c^ ^w 1*4^1 

^ L^ . ^lill (jjuiftl jU J> yi ^1 j* j>JI ^ ^ ( >5)l J^i (Sill 
^_» -3UU 3jjJ! J[ ^^! fr* -H^ j^ 1 '^-* ii|» c j*^ 1 1 1 *^ 1 -y^- ^ '^ 
t '^ ,> ^.iiull *yJJ ^L J»l-^l %y^ ^''^ til Jyi j*-" U LV^'j 

i 
-926- 






( jjbuJSj JiljjJI ; 4#jl1 Oljj*uN ) jj^Wj «ljH J-fl*II 



jil ■■!.; ji\ -jLLlj tLiiil* fj-iJI Iqjji JsLjj ^lll ijlll jL£jI o^jUIju jjaj ^i I 

*!u> ) 'liXll j^e 'j-aJl ii»jJ lSj**^' j^I u^4 ^^ ^A*-^ IaIsL Ul&vl 

IjjJtf aIjL* ^liuOi foil jjJaJI J -wliWl j^ju ^ jj£ ! juiJ| y4 jl J* Li | J 
ujjjj j^jO LjjLu ( blajj 4i$* ) p-UAII jj-f fU^il 4J>jJ J^l jUil yjSj 

. <j*>il Jljtff! JUl ^ 

jjHiUSju^l A-lfi lijj ■_' *'■ : .ijJLi j j_LJI . j_3 >uu li'ix iiu> ( 3 Jj ) iji> jl 

iLu jj-AIi Lijit JiJb J-J*li3 Jl Jt^hL «-L_u J-^l-i-" iiJ> h+ii c\ !a>%% 

/fj^j . . lL> J^t liUJi i jJLdl lit ^1 <> fij\ Jxi . 114 j|j1*j I tlUll 
j_U -JyjJl oUjjJJI |>j jjJill J_>Lul! ~_j^j lib ^j li^ ijj-u« ^^j 
. jU/JI jJ <jLiU JuiJa jiij ji JLili'l ^li iijj ^Ll 
jMjjuij fb.^-"_— -'^ J-Ija 4_A^Ji olJj. _i a. J I j_j ^jj fi_^ i ,! I tltLJ jLlLj'' ^lu Lil 

fcij^ j h dJ>^ pj^j . . j^jl' *j-iU ^jj-jHi Jjls jj j-»S jj J-w iiJj uUj jjjjlii* 

LLy^ iJ . . LlLw ^JJWiM Ifii ,> J^lijl jljil Bjlil iLi Jj» l|jJ-.1H Jj^SJ y-k* 

4jLu ji* j^Lj o'j 4Jj/0l OulS IJL5 . tljiwlfl Jjju tJ^I jl* yjUl iiJ^i ^ 
i. ■ „ , ■ 

^_**a ^_Lc LIj/JI ^hL-i Ay—*\ aj^ ^j^X- jjijJl 'UaI^ II* J*- i l^LjCU 1 j^Jjjj 
. 24-9 JSJ1 Lpv«?ji Ui' 4jJJmj <*iU J>Ijj c-1j^ 



f Lit Jill Lull *'*! ?-1 LjLitll £li 




JjLj tljiw^ll uj ^j-jj Jl d*js iijjtll ji Jj ^ j|i ; cjLijJi Jf jil*: Lite 
, »j_*1j1I ti-iiJ A/4 ^ ujjL Lj j| J^aJ oJl (> Cj-jj J| ii^y po~Ji <V-I 
.jiii j*T'!l^ LLiil iSij tLii ^Li ji tJjZidl Iijju JaJil jiIj>mI _uiMj 
^j-Ls^j^i J i? |jjj lj_^ Udjj Lyl ^iJjaJI , LjJ%k>j iftjjil Api il J*Ijj i^lt 

-S27- 



( Jj**JIj >ljil! :: 2j*jU *Uh*Jl ) ojjiJIj «ij[l Jjiill 



Ja^-i lie Jill; Ja*: jii yi ijfUL tit 
j — *T.j lJ*.i j liiu LLki Cyj ij ) jtl 

. J-SjLLJjJu^fJ^illl ji_l^ 



j24 - n ^ IP 

IJJ j_e £JU!l jiiJl'i kJ .^ (u.) ; 

j — S>. jli ! JU . (#^3 Jlu Jiliili I 



£h Ui. yjH&i Cim>^ [ 24-10 JiiJL l )j_« _ja US 1^ {j^jjL-* Cj*^ 1 *; 

JjUJU uikllj LJ.U1 jMflH obj* |> iLJL k*5iL« U;li ^fy li* JU^I 
V^-i! tyJbj . 24-10 JJ^JI jJ jh* jj U* 5^ Ljl^j , ^J*^] y, 
^V ( 24-10 J^jji ^j i)i ) Lu*. ^Li-jifl ^^ ^> UbJ] xlt L^l 
J-ky ^JUI <*^| ^ /j fUl uJfcl ^ frtm p Uj, ^i ^jkfi J^lii 
,^Li«il iij ^J A/ 2 kjlji* sjLj, twJjjtjfJj i>^uJJaji ^iji ^ji'j* ^ j^LjJI 
Ltlk. LiLai ^ JLa g£f [jj Uf , ( jtii Ij* ««ut jJ» of 4»lfl } . ySlj^Jl 
i>M • S^l Uf-Uir d^> JjUl ji> ill*, jili »4i£ ^^tu jjj| JjkJf ^ 
li-* JJMiftl k; yLS fJLi , 3A/2 ^^ i^iJl j^j ^ ^*UJ| ^ji^yjl ^L 

. 0.000 ,ijm ji 9013 am 

jj-^ US^l ^j Chj^ li^ jJ* 24 11 JiJJ ^i 4%1| Lj^Jl iy^l 
LcjL>jl ) Li*n , ^liUdi Ljji jtjjj <jyyi\ sjw IjJt , llj Ji " ■ *-f. Mi i JiljjSl 
»jj ^_i£ LL-uj i^S-M L^Uj <J^_yi ^ ( ^ — ,jJU ^ j* U* ji&> Jii 
^I^JI i ^L J ^Ji ^L-, -^ ^l ^ Ld*Ui UiVl (jjjjj . jbi ^ J| jjUI 
U jaj 24- 11 JiiJI ^ ^Ib' ^Uj^J J„j ^ j[ U^Jlj LjdJI ^ &}£il 

I v^ SjiJi-u oLj^JI &J lie JUjI . 24-10 JUJl ^ iJ^l <JbJl ^i 
, LijJI ^ ^jjl ^pij^Jl ^LjU ^|jjl 



<u 







(i> 



£ 



( jjjiJIi JiUJI : a^jll^LyJI ) ojjfcJIj «yi J**JI 



: 24-2JU. 

■t-> J'/LTAJ (n s 1,38} -■ ■'■■■i Ajyti ^ iiij jJLL LiL*l oLj*Ji Jai; 

V 4idj!l kliSl ^iLLc 
u ->j Lm£oUI Lftjftl &H »Lu J_>ijl" ji uuL ijjji (Lull Jaw <J : 4jL>VI 

jLJ s!JJ JJj . R|Iih > ri mk^e jl Jjjij jl - 23-2 JjJt»Jl jj _ duiftj . ifl^^ 

E 

. 5jjJ ij^al jliii jjkJl j Lfollil (ftlij-! M^Fj ^*i|f r J* j* (jtfl&ftl 

P .ill Ji-I J &&$ mSA jUi JJ= ^ VjW f Lj^l 5ft li ; Jl)* 

. jj*sJi jUi Jjt J JsM # ^us'b ^D jjtli Ji Jfli J^i o! : hkf 

f 4Li» jjl ji>i jjJ 1 Js^viJl ift L : Jl)* 
JLjlU jjJjVl JdJI ^iL Ujjj i »|j* j*UJ Jl 4jUa*ii J^Jl (J tf*|S* : ^^' 

; |j fe% J*fl jjf Ljj lil liilWljJaJl 

(550am) 

2 

L = 99,&nm 

j*J| i jV i ftlJU^ ( 4>jI1 ^ 4ii, jwili utifcQtJ jUi] siLUl ILL J| jUg 
tLuIJ JjjjJl iLJi j^L J l-3 . nL - l/i <Ju f, ijuJsJI uJjrf jj ji^Vl 

. i/4 IJyLu 



jj^ljjj^ 24-6 



. '■4-jJJ V>_jll JjJiJI ^vLfitl HJjJI JiiJl ^j*i> ^i JJ pJ_JJ **J^J I iji i> i^jJl Jfi 

J.s.IjUIL^ . il* , 24 12 JiiJl i^j . ^4^U LSU;ij 5i* fl ti& ^U; 

3jlj»- Jju kj-^ iuA> ujJUl l?jL»I ^*_»3 '^U Jai-jj Ljjl_ji* li^ 1 i|>Jj^*J jl»LJl 
i iLjL,jJl LuJl LuLiL_i| iii|j Ljjljlll j«-LU< > j4j£ Ji* ^i^Wj ol^j^Ji 

-»29- 



( jjaJIj j*| jfiJl : L*> JJ *1j^I ) ujr*)\} M J^< 



jjj-Xj j^m JJaII IJUh LfJ Jyu : j!t\ ikulJIj . jj#£ OJU 4^-^11 J\pi\ jJjM 
i>S lf_u J_S JUty ; Ljjjljli LU 10,000 jk j^Jjli j*}i4 <5y*i Jdi JjJjJI 

, jj>Jl IJiA J^L Ljf4j u^ll *j*Lrj . d = 10" 4 cm iiLmj tjJ jjL*J( jiil 



i ) ^^ ^ p *P ^ S 34-6 




LJLtJ , { I ) 24-13 J£iJl jj ftjj y^L^ "jjU jj^I jjj>i fljiuJ ^y 
ul ii_i>j ; J>JI ja mU 1 ^ ^JJi ^jUI jJjm fr» l*j^ Jj*i~J IjJl j"il jjjiiJ 

OJJ jj r^iO JjljXLl *J»Ajf yj "<tj> jjj *M4£jJ1 <UiJ£ fljij iif /iL jjJI lift 

jJ* J4L1II i-i*j jjj-**'l lij^J £-*jj . jj}**" lt 6 ^^ -^-^ j^l -wjaJI 
jjj-*Jl ^ JiUJf *j_jj| maL^ Llui^j . ( I ) 24-13 JjL-JI J L£ L*Ul 

. *UJi Jl 5 jLp Jin Lilt _l^JJ 5jU i ,*ji 'is' .Vi. , xli 

1 ylLlI »Uj"il M Ljljj ^1 ^^ ^j VJ £v^l JpO Uil $ ^pl 

1 d p-jt ^Lu jk J5tJ.^ Jc tyJ, jjfj jjjj ^ . ( V ) 24-13 Jiitl ji /^ j* U£ 

JtJJlSj jj-*JI o j_*j. . . J>jJf oJil oj!> ijjrf iiji* Liuli ] jjjks uj jit 4j[ ^J] 

, li,i»J jSSl ^1^ & ij 24-12 Jiill ji 4iull UUI ^L*|J 

JjL J^ o]i Jjiic ^« J^J? (> jjil Jj: ijjw S*Lj^l C«l£ liji i iyJril Lfcjj* 

ijLsJl jj_jiJ| ^t jac Jl iLj iiw jiiflll |^j jjLflJl tj^aJLJ , ijj>' 4^1^ yljti 
U'_ ,1,1 i^jjl ^ ijp>JI u^u! J'lL'il L > jjiL , f*-j* JJJ Ljju Ji i < jU Jli 
j-jJaJJ >ujf j-ftj i ui jMlj>j-k> ^j*— u jJJl jj jju-Jl 6JJS.J , jjiJ*J1 JLt 

1—1 Jl J *- jjj Li LlLi JjJI jLfaJI ^Li ( Iul£«*Ul th> w^_uj . .i-Ji ^ •*'*;'[l 

JjUl jw OiUJl L*jlju ^1 jtjtL- , jjj>Ji lJI^Jm ^ju^ 24-13 JliJ ( ji 
, JJ».jJ,I 4aaj j ,vj UiU jtji jj JJI LiLJli j_jj*J' i>Li[ i toihjrii! -»*ll 



IIj 



r^J 



(J'jSi 



E^r 



Uih ji i/i UU ^1 ..>*.:lt LrJ£ ! ' 



. jiij .aiji) ij'J^i . Jl JLiUl'1 fyt ulL* tijii ■ -1 1 1 ,> pJj jJI ^klLJI Ublll ;j .|j 
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( j^aJlj JiljJI ; JU*>il CJlyuJ! ) yj>Jlj ^IjJI J*tfl 



^ 



JjJ — =— Ji ^ >i^ rJ ( j ) 
L-Uittj ( ¥ ) . i^iH JjjjmJ i^Jhj 

^ — ^ uiji ?.lj jiii i^ji: [jijsa 
^Jt ulji tr ^i jj^bh jp 







F+M 



**d*"J(>*« 



H.l 




(V) 24-13 j_ftJi ji = jj& UJjj . ( ^^j* !^* ) ^^aJI oL>j*U jjLtu 
L*i^| t^Jilil IjLi . ( I ) 24-14 L L£U| ^i Llullj ii^l ^ IUjjJI j^-i 
. {^lj^II Lf^vy lijjj Lpli lj^LJjII j*i is LI I LJ H*AJJ oLsJill \^ jj ijjU 
u u . . i .J li . H i^t*J g*^ij ; 1113 jit i , j*W J4* ^>"i 4j-«JJu l .i i j . -vj ij* |j)3ui 
ii^-jji Jijklf u«^ jk lSjSaJ -ill Jiill iiuS Sjjjj Jjj likiu (3=0 iiiu 
1 ki'S jtt -flW <Uu£Jl ; Jo* iilii^ vWb S j,a-jJl 5JJb J—J J , JH-aJl jj»ajl J 

. ijjijil SjijJlj i iLjjLjJl 4ju_jJI olj jJmJI "tjaiJ' 
Sjj^j Luij l ( v ) 24-14 JJuiJl ^ ULullS ; 4jJjw Ljlj j^ 4i! yjjiil 

^ US' ii^i ji ojjL*^ jiJi j_j pUi Ji" ijiiij . , jpJIi jji iUj^i ji 
i-v-J tJ] A = 1, 2A, 3A iJ ji jj^w Lm j-am . A L*jljJb *jL*- i ,jj.g 

t* SvwJl 4jjj gi+J ^t* M^^ JSj»iil (J*JJ IjJ jJ*J . i "3AJ I f^ i fHJ j_jij J*i ll 

iL4> sin 8 = A/d J *n^ (v) 24-14 JiiJ! J ^ ^jJjU jl 1^1 IJ| 

^jU* nj£ l(ii£ Jijil i*Iil iu-i* Ij_jJ J^i-i Lu I J I i A = |JlA LjjJ yjij 

: HjIaIL Jmj Jil fl« aji! 
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( J^J'j >WI : 4*j*l *W ) Ji^Jfj gljll J*i)l 



:24-14 Jti 

y— I I . '■fcJV d I — ^ij A y^wiS uilUI 
^ Vr Ijiljjll ii* Jit j . LdiJ 'j ■'--; 



JJ^ 1 




mi = rf sin&i , m = 1.2.'S. 



(24-4) 



limn) 



500 .,600 
500 

m 
goo 
m 

SOD 
600 

600 



■24-1 Jjji Jj jji»j <j«i)| jjuai J . jj>>J* ^JjLu Jjii —Lii J^-i o* . yijjiijwj 
< J^t JutA ^j* d = 2 X 10* ni g | C*l yijSl^j . 600 nm j 500 nm taj +*>3 ftpp ^ 



m 



*U *^jJ JjjljJi ^j Ujjtll jj-Jl jjl^i U.i*J 24-4 IbUll J pla/il u« liijfi lib 



, 1^1* jik; ^31 1 >k,Tli ** tjfij 24-15 JiiJI y Ul Lui j*Jl iii-j 24-1 

£$lj* Jji^J ijuSl! JiU*yJI y*j ; !Li jLjjI m julji, ,^k> J5 y^ jpLuJI yl 

V-& US , yijJ Ls_^JWi| d J*J>J yj ^ft t u£\ Lrljj Aii £j0M JjS'l LtfjH jjtf 

, yij| Lp« Ji Ldfil'l i>^wJI Jj lii£iS djj DLo !j|i . . 24 4 tJjUIl ill! 



H.5 
17,5 
30.0 
36.9 
48.6 
64.2 
90 



<f = 2/im jjjjil * I 



' , ■ ' "^ ™ jjj-**'l iWLjiJ ***** 6jjJ|jjJI ,> jm,Uy Olj - Rl ijjJl yj jJ^*il Lu^Jl 
y^J rLjWU y_* i-vJl jLejl tjifl iJAXwl I j Li , ijjj A yjj*J j* ^'*m J> 

li^ i^JjLiL yLkiJl (j|li_a (Jj^y i^Jj Ji' £^j ^* ^j^l «^haJU ( y^A> J } 

Uji jjj Lj*Jl iiiLvJl jl . 589.6 nm j 589,0 inn L^ y*-**ll Lj^j 

. 'iLpJl l^i Jil iij 



:2t-15 JLi 

500 nm t- j_^ UJ^ii y-jk^ 



90" 



■CiO 1 - 



3 

■"i 






1 '^ 



3 3 



-3Q 1 



li" 



3tf 



nil 



90' 



r 
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( jjjaJlj jiLdl : ^]l oL^! ) ^>J!j g\J\ J^l 



: 24-3 J^ 

Li j^-k. Ljljj SJ jlJuJ i ji^iLw J_5 jj Ji> 1,0000 x 10* Hj jj^ jjj}*, 

^Ui ±6^ ^ vJkil LsJi ^ U ? 589.0 nm ^11 4jfc jM jijjjjji 

f 589,6 nm jJi\ mipl\ k»ji>JI |j* ^ j^I^JI Lij ^ ^1 LL^I 

_A_Q.5890xlQ- c m 



i- 



sinfli -4 = 

a 



1 



= L0OOOxl(^m : U>V1 



1.0000 xlO 11 linee/cHJ 

(ijlLH Jj^li [i^Jj i ^IjJl p Jjl Liib JL ji fcl sin %, jIjIII &l : Ll*) 1 ! 

, mkld < 1 dk m Lu J I ./^ L* .uAI 

V 589.6 nm J»J| Uj^ j^ .j}\ ^jljjl ^a U : Jl^ 

ain ^ Jim*™ 5 i y^| ^ ^. * ^ . ^, 

jLLjIjJI jL-Iaj . |ifl i 0.S98S 



; Lu 



ft = M.W U 



36.13" 



. 0.U1 U yj3i Jj Ijlg ^IjSJ t*-L> ji oj^ 1 - C*^ 1 flji* j*4 fill i£s j% 
"ll I1j ,%i Ji-* 1 !! ) , sin (h - sin Ui ^ ji /JLljj LjUJI LujJl Jsjjai Ul 



( iijjiJw 4>ji ) ijilt jif ikjljj Jjj>JI 24-7 
Irt-jil Jfp&] 4^0J^ jj_sj»Ji J c^lJ i 24-1 J£*JI jj ^jJii liji *j>iJl 

oLi uil^_J (XjJ-J l'j 1 u^' Jj-Jj , ^^iJ' j^jjJ ^; -■'■^; , ^^11 JjJJI *^> J^ 
. - q_-AU Ju> ^jIj*Lj j ^lil jJJf iiL (_juS Iiaw 451 iJL Jaj juu |jU t jAusJl 
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( jjjJIj J>IjjJI ; ifr$ djj-ajJI ) ujjSjJIj jyljJ' tk^l 



JJv uuiS »-i_iA!| JL"J jijkL-j UuLJ 4jj*jJI ol* J.I Jtf> BjiJa jiLjJ ^Jj 
. 24-16 J-iJJI ,_J ***** _ji Lii' | (jSliutf "44* J^ JdtjJI »yi3l J^«m eJ JjAU 
iUifJl (jls i dJj ^ 3j^j . <*£> jiJl ,> jjj^j (>/l iWI V^ iJi^Jij 






f 



i iV.i j,,* 



Hi 






(l) 



:24 1C J^i 

Jjfl i£ J+4JI JJ til Jjli yi»"jl| 

, ^luJl jfcuyj ^J^ Ui JSH\ 







J*£ |j_l L_yjrf ifcil LiuuJj Gift* . J-LjA^ -il^jl jJwM J^ - JJ^*> IJf ^ 

. L ^uJ( L^ « j>J1 ^ l*-K Sto*_ ( i ) 24-17 J<WI Jj ^ US- i>^Ji 

oLJL** JJ6*J Jy-> l^ziii uh^j, >ijjJ 5* 1WH **3^l o!» ' ^ 'j-*^ 
( j ) - ( (>) t (y) 24-17 J£iJl £<j0 ■ { pWI ) -l«Jf J! J-^ Jl J! ^-^^ 
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( jj;>*Jlj J>IjlJI : h>£\ objrfuJi } jjjAiJU *JjJ1 JjiJI 



uLlV Jj_Lm A p'wviJl — U- iJLJ>jL; : OOt'l J*i* &i 'jJJaJul tf ^'juill -.J 

, w*^l! L*>j>i jLcU&l j-ib ji Jl Jj jjjij * J£4Jl & y i_y»J| ) ^^ Jjb 
sJIjj j_* A^JiJI jj^Uji ^ Jli\ i*Si\ jl lijjw UjS' . . i^ Ji ^ Ijj* jl jIa 

LfJw LmJ jLwJl J J j J *iUJ* Uw LfJw if^ Jj>^' .e* l $ * ^ j* J^ ^jj 

pLti s^t>Lj_rf s ij-jii 1 ji*-wJI JL^Ji j_» jLJw *Uw J5 jl ni'dj* . A/2 y 
i y *-yl}Jl a^-* Ju** i iD J .j£* . j>i1 Lfc#*» Ji' jiLJ JjJjJI iJ^Ul j* jUlmj 

jlj Ji«lll j> (fcilj lA Li'j lliki 4JJA JaUwI ouiJI jj <-UAJI Jl *^i? J^iy jl 

ft jli y 4JI Ji»5U . J^Jl (>/ j* ft !^4* sin 0=kfb UaI* ji*li ^jJl li* 

(jLjub , ft 5 9(T iif ^Ja3 Jiu LJiiil ^jJl^JI j J ■. 'tjjj . ^jl 1 -SjJsl' JjW 






> 



sin.6-0 



! 



■c) 




, .^ jjiLJ 1 j^i J^hJ lit- 

tfjjj UjJ Ifu <ijui4l Aa^^I HFl (1 • I 
I lid . jUJ JjJj „* A/2 






|tUWu) 



(Oft*(J) 






;U Lj^ Sjjuk oi* S4-17 JiiJl ^ Li' . X ,> j^i ^1 jLS 6 ji jlj 

LjjIjJi JUi^l jLs iJUJI oi* ^jj . (_v) »jj»JI jy imil fi iyljJI ^ j >fJ^ 
jiy j** jj t k-j^fl ddill >j 4*jI*II **i^l 'LIL ^ j^ JU\ iEIi 
^ L*-i^iii jxif Lljj j^ jj->i ij-. ^1 ^-Oyj . *W| jjj^ jjLJl aISII 
^JiJl aJU . sLjl IjujI Jj |»Ju1 J j^Jl ji jl^l ^ iu> i ( j y^i 

, Ailii J ^h hJi\ Jaj^ Jjlyl* >J£ 
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( JjfkJlj JiWJI : I U>*1> Obj*ajJl ) yjjiuJlj .yljjl J^*)l 



. LjljJf aJA ii£ iijL*Ji i^lfcJI oaLi^ Jilj 
; &jjj & >jJ^ { t^J kj Jjlj i^jijll 



ainS e = 



(24-6] 
jLJI tjli! J 4LLJ1 :1a >»Ijl>uL— 'I Jj jyu ij_j*»j 

jjbaJi jjj>j j^pJk a4-8 



mUa^ jj^jNi y^iA* iiji ^i» ; 24-18 JliJi J] l«^j ijl 1j*iuJI ala dijjj 




uJLJ Liiit tit ijull jjjj Cjiiffl 




1 


1 



93e 



'v.. 






( JjspJIj J*1juJ| : 4*^|1 il^jrfuJi ) jjjiuJlj g\J\ J^iJI 



, ^lu j_a b£ ^^iJj j^ cjL*j^ <{pKAt frjSj*, JjLsJI ^ j^Ji: jJll j^aJl 
. ft ij^ jaJ| jjjl jju: j jj tj.jjl j"j| 'ij*£j oli^Ji t'ai 

j£Lii_^ /ujiJI jLiil ji _jfUw . ^ liji lis (|>j ■iAj'i ii*JUlj JjJli JUJI J;/*" 
j-^nLiM (jlj^Ut ' Lfcl-*H ^| J^ ,J p- 1 * jl* Dpjh!p |>4v»Jl ^ij i LuJi ixiljl 

. jj-JI <> LLJ jjJI jiL*li ^1 L<Ui Jiu-5 . 24-1$ J&JI jj ^ 
Li>ljul j j? _k*Jf iyUi u_u-jj li^jj jjIl, LiyiJi J* lii!j]| j^sJI J d^>i 
^_l>JJ LLUi Jj^Udl oij ,> ^1>L jjaJs 1 ( tj^Jl jLJj ) b<li)l j^y 

-J| JiJ ^jIi 



Ij^hJi 



JiL^S j ji lip, ^jjidJ JJal f Jal 



*'^^ 




[3*31} J3 



M^ 



*Jj/)Jjb. 



jjjjjji ^j^ 1 j' Jy-»J i j24 iy J£J( ^ yiJI Jijll Jj Ijuj^ Lii* Ijj 



<^jiwi?! U*uj . Ijljs- ojjJLs 6 *-JjM j£ fJ 1*1^ 3,:"' ""''■ |^Uj£m JjWI Jj; 
J^jy (jJ IJjuk-j s jij* Jijj J-*-l^l ^m tj5"lji| 'iy*^ jijJI |> y*is U^ 

t> ;>t*!j* j^d &j* ( U^ - UU i j£*j ^1 J| J j^Lailj u^jijil igjj I&m 
, j^ll JaJU 'LyjJl li^Jl J^ jjkiJI .as-")' ^jijJ 1 ^niLJI it|JL r l mj li*^ Ii^-ol 

jljii^l ^L^ Uj ^J ^jjjuflll ,>jbJ tfkL^t V Lji i . 24-5 *bUU ^ 
LJi t \jJub b i*ti)\ ^jL ^6 Lis' ijjj Jjj; LSj . Ot ^ jiSl d U^iu jjijll 
Ui yiyl jIjAa; Jililll jJa^ jj l*fJJ>J Gjji ijj ^*J*}\ Jl^Lj ,> i^l (|IS 

jl ) oLauJ l j_c vtUJl i tkdJl ;jld4 ju> Jt s^jajJ LijUilif jl j4 iiJl Jt 

, ( IjjjlSII ) jjj^siJl ill Lj* ijj-jjj ja*Jl jLy! 1 cfbJill db JJjJ J*Uj . Sy.i 
Jab jijj b juv ^j j IpsjJ 5* r (-iUII jj^pn! I Jw ( 1 ) 24—19 Ji^Ji f>uu 
: iljUL i^jSjil j*^ 1 '^^ Jjl}Jl jJ^' ^^^ , *^ 



jjj* ils jj*>Jl LJ iySp ,^-LiJl Jj^II L+aIoS jJJI igty] Jj JjljJl jjaill 4«u jiiu ' 

•ii Jsll Jl L*JU! ^ ^ Lt^i Jl Ja^uJl Ijti.i f i l jlJl ^jjljjl j» 1 tfjfkl tjlfty , OJill 
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( Jj*Wlj j*Ult : i**^S ^Lj/i^Jl } jjj^^J *b" J-*^ 




:24-19 Jli 

JJi jJali jiyn i^t i ' ii jI i R.jii ( I J 
, i |i^»-'i Liu 



win fl = 1.22-^ 



(24-6) 



I*j&J l-JL 24-5 iijUlfj ikUll ua ^ -bL^JI Js>1l , oo&l jii j* D i»«* 
{# jjljjl gf^JBUl of ^ O^ 1 J*^ J>) H-) J (v) 24-1^ JiiJI ^ s ^' 

fdiii i^ jjijii ^>J i^u jfti Jt o^i ob -^ ^A 11 6#^Jf k^ 

; jbUli.jJJllSjjJ^ilfjJej. ^iJI 



sine, = L2K-jj 



(24-7) 
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( jj,j*J[j J>ljuj! ; h>^\ o\jja>)\ ) ijj4«Jlj ^Iji! Jddl 



j~rfi p a — ijJU £|£M I* Lft£ jJjij Jw>l i S L* Jj&» HLjJ) UfUJ J~ffl«J vj^iAiJI 

i-jjliL ^i ^ J1J+ <$j Jl , d Li^juM «U+ L-J^Jl j£ jgalijill iwu* C IwJaJI 

f Lj UaJ ,jisj ill J !lh J^wiliuJl 

jjl 0r Lyljll LilS IJ| 'j '>■ j-j£« J— tiiJl jl ji* 24-7 4ljUl JAM 

&1 24-20 J£ill ^ tfjij slif 1 (1.22 A/D) ^ L^ 
*- s/2 ... * 




BUI 



2 



Jd'iW 



2rf 



:24-2fl J&Ji l^^j ^^ ^y, ^^ ^j^ jjjD ^jj ( i Ji jJ\ ^^ ^m 

: J* J-ii^O_j jjiUI j^JAJJLf Br. ^jljJI 
A - * 

8=u # 



j-Lij ^1 iu ^ 4j_JI ^ (rf/fl) jljill $1 ^U 24--20 Jiill Jj L**j I3| 
LijLaJ oL»li*i-j^l .*-"■* u-a ^-jpwaJl j_>!J- ■>-* v,^ ^ u ^' 3li i - '^" Ul ■' l 

j, Jpj_»l OjLiPUl , S ■- A jJLWJ jl Jil 1-UjSjij - ilijU "t^" - M i l* I) CjllliLjiS^l 

, ■■■ i. <..i'i' l ^ iii L_iji-(Aj4 J :J^*Jl 'Lull* ^jLj^£ iJA Jb LjIj 
i 

iJli j^v 24-21 JiiJij ! ii$4 j$d\ J**j jwjJi yl^ jl jj-i lii»j 

[jl L, L1L> _ij . iJJj ,> jLa\ iLi^V LuJl l^rfl jtil T^m Jj J^ t jj^ 1 
p-**il iUi J^?U jLi i ^AiiJl tjJtP j-*-^! J^ LJjUU p^JI f*> ^LS 

Jt JuLxll Jj>liil! |jj 4jl ^nJJLUU jl JjJ^ jyitj f ->jd>Jl *->^ UUi jiukUv 

. ^j>i-4l iuiiU j^jjl JjkJl ^ vx*JI ^ Ijj Ijiflttj tJjJi* fl^* jj* 






- 9S9 - 






< Jj**J!j >IjsII : i»*jll ol^-J ) jj/yj^ ^ ^iji 



24-21 J^i 

*_Ja^i L i jij , i^ij Js*i ,_> ^i!i Jit 
ijijUUi JljaJl Jjij ^jiiS JilJ Jjjiii 
L— ijuu sUJ ,> jwVl fl*tfi\ jtiuj 

. jj^sj; til Jk ^uj Lrtojj jjii 




24-4 JU* 

- 1+^*^ C>^*J A^'j Ji**l <*£ ^JAJ tii'l '■* : J'j- 

. ( 24-7 

. >Li*jJl Jl^Jj^H 6*».'ii** JMi jji'^jli tfill #jli ^iJJ Jjta US j*J : Ll^l 
, GGO nm Ji, , Jijil JAJI J^ ^ Vj i^ ^.^ J^ JaAjj 4^ |jjj 

smflr= — -a 0.144 x 10 * 

b.Din 

. Ij_* Dj+jjj l^ji jk Ijj^^j Ji^ L*(^> ^l iu$l ,jl iLt ^j , sin I *$$ 
fl c = 0.134 k 10-* rad = 1M y 10 K dc£. 

! 100 mi Jj. jj^ L> vt*JL. 1 in <a*> (1** 
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( Jj**JIj J*LuII : L>^11 ol^jpfljJ) ) ujji*)!j «lj)l J-aiJI 



uitfUUjjJI 24-9 



oj*Lfe JL»A gi iJ Jjs i jjj>* Jiljj jftljli 4^kJlj LjuuLlII oLj-_jII &* JS^ 

Ltfj ^i oU^ii jjju ^Aju ulj ^lyi jj^ji ^ ^1 L uwjij jsVi is^Wj 

j_i Isi LJJuLLpJ ■'j ■-■■'■ ■■ i — rlj Jj -j)U. j^j jj Ji*fl jS J^'l jijlil , Ajaijjj) 
IJU jjLfkuu jjfl L*J| jl J I , iSili j* [jJL 4j<ji Jl ii**ll 4^jJJ ^M n|^ 

. wfjj LaJ L*^> iilt iji ul*i£ J JJjj t 24-22 J&JI ^ LS' <*jli 
k^lajjji ^ yjiij ^j«a!I cjL»jj Jit 4j)kJI aL^jlli i t j>r %jijU»Ji JUj 
!il . cJjLJl oLijiJl _i ,pJl jjjj V difiJi L^ll ;liaul eU:l ^ ^ L_i& 











olkSl^lj J-iJl l^_- *^Jj jJL Ijuj* <t#5(Ai ''J^jJ' a ^*J ■ ^Jail-Li ijU j** j*; 
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( j£*I1j >UJI : 4^1 ^L^JI ) ^jr*% gfiyi J^iJI 



Jj_b «u iitLtiil t'l >j s j'I jS btjja> jjjlL v-£ll JLsJ ? LJl ^Lkj ^jIjJJi 

jtf »-i KgJ < p-^J jjj: tyii\ I jj* jljjl jiie Jl} jLjj jSj^j . bill d!j g£ jjjj* 

jl uL j^ Ijjsj , . JjJi ^-jJJ< olj_y ^«JU 90" UjIjL vjI^j OljjL <u*£ 

. ( ^luS tlllj JjuLi *£* ) JLuil <J-»H Ptiii J-nJ 

jjj to_iiiL-j ( I ) s-jjJI ^Ji t i^UJl aLi JajL*; 24-23 JiLiJl ftgu 

i^j-jjj 4 jJJ jl sJi Lwlj -— l a XuJl f^jjj pi»u yil (_) q a I t-ikxjiwdl .li k^JnAjL^ 

90 a Lftjl jL iyljj L^u _ JLxaII jl _ jjtfj* ,_jJa£L*ll J Jlil f l j^ j^L Uaisj 
. j^| > iiw.> ±J tjjJl J£ jli f ( I ) 24-23 Jiiil ) JA ^UUI ,m 



>ji+>i 



(P*" 



:21-23 #4 

Q j i h ii mi l jajB yJC Vjuj^i j^4fi 
JL^J i^-al* iL-^> OlAbJi ^ 



M 



ji*ji« 
«*»** 



W 



jiii» 

L^*^ 




j*>j J*: bljijjLi I^jljj iJj j J1>uJIj jluJf jjAi jl£ *jj U jjjlb _Jj ^_ilaJjL«Jl 
. j£y*« Jill ^* JJ**JI j4>j JjLwi J sJai&JH t^jjl jl* (_^) J L*5 ; ■■ f jk^ ..' H 

J_»lj Jji*J t**; J JUt L .jliJ . T .Jt JUu^l iii^i . . tj-ill jLlxll jUJI jl* Ljioi 

^uJI -i (_0l LjliJ ^Lm Jj uaA^J ^UJI ; j«^l =-i~t jL3 ; JitJj ojj^l |> 
Ls.ijij i-iil'^j ^U Ji>JL JJJl j^->- li!-^! I— i-i^j . \ 1 ^'' ■■■ l ^iiJLJl 
^J JM £cos <4jil ui* v JUJI ^ JrfUl ,^JJ jj^l JM <+Ml 
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( jjjljJIj JiWl : ^1 oL^I ) Ojji*Jlj «JjJl JidiJI 



: ^ (^) i^Ji J US" JJWl j> jjiUJl li^il j! «jL ijji 

/ffiDajidll*d - fiMMuit E0S S [24-8) 

Jjj jJL> JJ&J . [jUwJI g^ 1_JJJJ Ltjlj ij^i^lj jLUf jjLm jjij 6jM 



i '-^ll 



gj_^pjLw £)_* jjji 4jL> ^UJtAj 



II oljiyi juwj Jilj Li'UJ 



, ijUtll ji ILoi ^jIjj ijjjL 

ynSWli JaJl Ji£ tjMJji JajlL i^jjlj JL& L? iiuj( p-j_tJI v-jUaliJ "L^jJ JuliJ 

(&) jIjjjJ iylj j*-^ LiLi Si»|j J^ ty!j JlUj , i*y£Wl cjlll Jvj£>i jjIjuj 
^ 24-24 JjELiJfj . «k*J| >|j ^| ,^1 tl^jl ^ yJJOil ij4l] *M 



'.itii'i Mrt j* f juai ^J^ijKili j { i ) 

*HJ| j i* tJ 1 J* «> u^ ^ l^TK) 

■ ^tjii 





fi] 



M 



jlj_tl j_k 0$ jL«tl Ljii5 j_U Jj_njJJ « JLj b j^Li j-Jw jl fll ^ukL*i 
jjl j^ ( ( v ) 24-24 JliJI Jl mjk t ^i^^l 
ft; sin 9a - na sin 0s 

ri] sin 0ij = fta sin (90 - 0bJ = «:i cos 8h 
(sin a.) 






s t-anl? = 



(cos 9) 
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L/^jj . >^ J>JI jk ^JjLJI j3> j>i lius ii; 






( jjjaIIj JilJyJl : k*>H *VyuJI ) iijji»Jlj *jljJ' J*«fl 



« ji-iqjJ * Sy'jJ 'Ji^ *JjUi JJ Jjj lJuii 

J (k = tan" 1 /i (24-9) 



tan & = — = n 



^tfjl k_jll ^Ufil JiUu p (24-9) iJjWI j* n jlittlj . u-SUJl ^kJ* jl* 
J B*3y U5' i ^kJl ** ^^\ <JL*j i5jl^ »iu»j LlUi^ &>£ j-iull 



24-5 Jl^ 

20° liji t^ dJj ojjtj *ftE-« «**** ^b^ iW *# % V l*U3 

tii ^i*^ , j-Siil ^1 eUJI gi kl«UL y-iull 'jj)l »M o& ill : M*j" 

? « j^j^ » ijji; -i^*j ^U»s lis' J* ■ ^'y 

JjijjJI ^ i ■ n = W&j *** ' ft = tan ' n J 24-9 &W S* 3 ' ^V 1 

. (tl^Jjm ■ 1.0 j (»Ufyta = 1,33 §\ t& 23-2 

f i.ls. .1 1 -,, „,*[! |ji|gi Uil^ **#3 ^l ij-iJI j-£ w>j jUl U : Jj-> 

, v U£l^i j^ l^jl 9 tyfr J^i jwl Sum ^ $ yj : U*?i 

t <i_jL y oljl^l ji ^e-j . ( 24 8 *1M\ > ) cos^jj j&JI i^ll ^*5 ^i 
, yJl jU: jlLu >I JjLp ji if^ H *^i jl-el ^W 



^ij tyjjSi Lui* Ij-I; J^l J^ B^ ^W *^ 



ilLJI 



JU^SJ 



Wi\ 






tjH]1EI[liLll!Ll =eos a 70 u = 0.117= 11.7% 
^ Jneidffit 
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( JjtP-Jlj J^ljjJl : 4^jll C>yj*djJl } ijjjUailj uljjl JjiiJI 



jj LjUL 50 j* till &* rj 1 *^ 4& v Ja * J * jil 'j^ 1 >** J ^1 ^>^ ji^ 

. Ijj\> Uaiu**j -yjJ 1 j(5 jjj J> £ -ilrflj; J*u 'j^* 1 -ilu^ Jj oiUI *jjJl jjj 

p 

jLjJ u^ ^—i**r: Ltilf 4 , L^-Jijj J+^' ipj l>i*j jiil r^^ ■ 4-yA* "-^ir 

£y> rfki-t Ualij j^ C'IjL((J>I yjfc Cjl>J ftiljji ul^JI jjj lil/ll C^iuj . JJLJI 

, o^5U Iti&Jl I'lj^al MtJuJ ^U«JJb ^J* 4 ^ 1 it* 



t J^_iiiVl jjii COJ *il.jll f-uJl j#Jij 

Oj 1 ^ fa 6hS*jj" u-^e t^jtf 'j- 1 * 1 
3_l^ ojc (^ ^ u jat %| 




JjuJI JUI 



: Ji Ijjii ^ji: q! >_j^u JjiJl iIa L^*fjl Jj j^l 

. Jy>JI o jaLIs ^ly : 4jjU ol^w ^»*j cJ-bj ft\ 2 

, .U Jii. ( V ) i t 4 J^ ( i ) 0^-lJ^ ^LS IJ| i^Li. : ^*jl Ljjyi 4iW f^y J 3 

; <ifeUfl i**j^w jl j jLic^l J « — ijJl i*ijj , iiliill JaiJI Ji* ►LL J&uj Jja J£i; J>-ij3Jl U^Ji*J jxUj*Jl 

. ^sll ^.j+JI ^Jiy iLJL nA - rf sin ft, 
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( Jji*Jlj Ji'jjJI : ^j-jll obj^jJI ) jjjijJIj vljJi J-»iI1 



. n UjU£jI J*Lu SjII L JjIjL ->LJ ^liil ^ jVA jJ1 jUi v^>j jl ti 

i LfJ 6jjL>j 4j-ljJj <jJL*j <*iiw <bi& jjj 'jjJ I'jitj'il ■' --— j^'tiil - i-..^i ,'J , jAol iij al^Juwl 

. iJLJaJl ijlai |> Ja*J .yjjll U^JaJl ^LjiJ JrUhJl Jli*" f'- 1 -*"-'! *M^ fj& ji fi 
kljj*; U J] jjL> jli oilb jlj , i^ ^Lu» o^iJl ill ■ -■1-~- IJJ iL*lJ ^ JLU 0$*^ iu;*J £>d*j U ._L?j j! 9 

, J^L&Jl jjmlit JLe Uujit* J j^iljJI ll» ^j*al frj*iJ jl . A j> Out! I gijfi *-ijZii L*ji* 
tjt*J< SjL jLy*£J! Jjbt. 3jJ iiuk Ijj . L.U; ^'ljii ^^i* fUi ^Lul L^JLi ^* jJl LjUi L*lj y-^r-? J 10 

. ; L-£$I ajUj 

. jjjwJ' LfjMj: L_JL ft Jjjtjj Ujj3 JUul I [j*** Jw i_Als£U j*jJ jit iUilL d r _^sJi1 tjjJl iii j»i i^mjJ ji II 



j_y ^j_l, U^ifi L-**Li Jj^l ■>-!-^j . jpWl *-ljj Lt jjjl UkUl Jl J^J oL»dJ ^^LjJJ l j'Lilbj jiJl iyltil y 

w'Ls-idJ ^-d-l -'djJJ wjUj >'Wl 

I 

jJjjj j^Li>l . n ■, 4,' 1 juCUjj jiL>u J^y La JutP 1 . j^jjM jLiji jwij , 3 jjuI jl jjji>w oIa«u u-i'J ,_L> -jlJ' i_« u\ 

■ 

: 1'jUIL Juu tLkJl i 

^JjUll Jii>j Ifljy juj; a-l-^kj 1 1 JL>lJuJl Oj^jj 

sin flr^ a fjn + i) A 

: ^« imj Lout jiLSj lSj*^v j^ ^ n UjUS^I J^Ui S^U q* L J_JaJu 
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( juaJIj JilJill : ■Lfrjll olj^sJI ) ijjjnWIj £^ Jl _k*J! 



^j J|*U 5-ijull L*jil jLj Rj > ty aj'-SlI J-L- k-j ILJjj tti DjL£l J^Uj kwj jj ^*55 ^ W* 1 " 3 ^ 
. j^LJ) J J%>\ \$\ <i*u*i ~i jJ&Pft jls m < ny $& Ijii . SLsLJ 4**J) V-^V *j}-> ^ *j'-& j^ 1 J ^kfcW 

jjiil ) ji;i »Uil] ^!iJI »kJ1j lS»WI pkJI ^ ^r^ 1 'r^ 1 to i*N J>l^ s $ « ii.^1 - t r JI ai * j 3 

: 5JWI iuilHJ l*i> ( n ojL£>\ JjImj £ ^ 

ttj^Jl ,LJll g>i Uj^ -i iLi* klpl&ul ^ yJSuJll Ji£ jWI ji i#W ^*>' jl y**^l ^ 4^ ^ l3 !* 

j y ^l ,UI ^ liJl* ^ lU* &I5WI &j* l*&^ * jjM ^ ^' ( w^ jl ) o**^ 1 *> ; ^ 'Jl- 

, It^yi JijLSl JLJ i> L^j j Ijj* JjUj »b*Jl ** ^l*Jj <k* 

Bin 0* = 2± 

: <JjWL JjSi i^jJl 0* ty* ^ J jjH\ UJjIirtll ji>j ^jSjll ^*J' i*^ ! lW 'jT^ 1 fif **0 ^ 11^ 

sin t ^ -7 
b 

L^JL ^jisll jl ^UlU ^^J ( J*" j* ~Hf b ij^s&^^^J Itfji «>all ijSU Jj^l ^ j^ 

Bin fl f = 1.22^ 

, 90 s j^Siil fUillj ^ii 1 ^! 6*- ^jljJ* 6j^ Uji* >ls ^> ^ 6* ^^^1 *Wj( ^ 'i^ ! ^^ 

<9a - tan 1 n 
, h^H\ 4m LIJ jill k-yi L-iilL ^Ull iuvjJl jLAil J-U n V 
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< ^h > [ ^' - W.I ^_H^ ) Oj>JI) gljll JdiJI 









oLJlmlXJj <Ujujf 



Jtoj 



■5- 



A ^ 24-1 f J_kiJl ^j 6 L^I oU^ljil J_^ 1 



24-1 r Jiii 

p E 

1 L#ip J»sU, iu3i ^yt 

. oL>-^JJ jiiui Jjlu j^f'i L.lVi n £ruU 4j_iJ1Lj -Jul t-jJjj Jw 4j t yi iiij I !i 

L*j j*L*1 jl j>£ij ^ . . Lplofl LauU I j|j£ A = 546 nm { v «a>l ) *j^ ^j &I*3iJI j^l _*# A '■ 436 nm 

! JikJi j* j>iji 

Ltj f ^<rt_JI ^ SJ#3 (> ijy *L1I ^ diiL jLfijJl jtju Uj^ tJjJ rjJjll J-JI ^j^J jj Ijja,; rfifl j^l'l ja L 7 

V i-ll^ LjiJij ^U'jJI ^-yJl Oi" jj^ 1 ^ ( jj C^^H ^^ ^>?J j* J*Li Jill jjiifl j* 
^ljj^I t^fJl ^J .jj j^iOl wl^ iLiill dL^ J> ii>jJI LuS^j . ^L>-j wSIjj Jb LjU>I ^Jj *j-i*' "r"/ ^ 

. S^ALtJl BJA ,.jjr , tLWjl dlW jlj US' L OkL* (> .JiAAill 

u ' * 9 ' i i U)^ C?W > '' v-^' j* rj* c^i* i'i" u**^V ' ^jJ' l>* j^j 'Up <ulf j^r^j J i j'- lM 7^" fjk ^ f 

t»jie j_tLi; J»|j3 ^Ljj 24-2 f J^4JI j^ 10 

jl LjL^I JJ jjjjJLjI ( Oi 5 ^ J 6^*jJ 6l c>j^l 11 

i (^-jljJLo Jl ,>j_jL>jaJI ;> J£ u_j;L^ Jj i*lj «3i*j 



III 



iMfSg^l 






wsa 



«iP 



' : • ' '' 



24-2 ,* JU 

ijj> lis" jj . LJJlf iljj+Jli^J hji^\ UjuJI j^ i JjUJIj oUiiSl jjj Ly« !uLu ji£ tj\ Ji*y JJj 

V 'jjiLtJl iia 
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( J>f>Jlj J>'J^I : 't**^ &kj^ 1 ) *Jj^*% tf'jM iW 



. »ji] ? ^l>Vi ^i <> "ta ojji *£* p*U*l I j[ J-il v^j^ii j^ii »jl op j' fj^ 6* J* 

f <Ju**ll Juki! k_jk> a>^ j^^ll JjLII JayO J <4jL*i~* Jui" i UjjiM *tyy -»jh!^- jjjr*" ,J ^ 3j:| ^' ^ 
jjiw f L^l *jj j_i y,wJlL oji-j^iail Ls^S j^I ) ajJL Lb Lfi-ij jJvJl ^UjJl ,> Dj!**^ **"' 

. ( LjI£ ^-jjj Lb &d2*^l ■^ ^.T^ ^^ **J* 
iju Dj iUL>Jl ^i 4_*jLi ijL-, Juu oj-^ f^ ' JJiJI J-WI >* d^ uM &* £*Wl J ^l ijl ^j^ 1 ]i ! 

? , JU»*...>fl _J JL+aL-L ji*Jj t_jj^e -J jJ 
Uii^ Liftli>1 1 ^Jjj> > JILB uJLS IjI Uj ¥ ^ -I Ifttlu »jii]1 i*j» c*& IJJ U M*l J.UI £& J^ 



13 

14 

11) 



17 



LB 



J^U 



24-2 j M-l jUJI 

ijLu* j*ji JjJ? tsttj j?WI jJ uk ^L>y lJL-jL oL5ki*^l Jj Ufi jJ» u^ j^^* uWr Ctip^* ^ l 
. jmLiil ^ Si* jj**H Jjb > st« jj;A*l( *J ilj* ^ ,.sf - 6i0 n ^ r jH 1 ^ J*i -^^ ^ 60 cm 

U»«j Jj^* ^>>< J> *ij o^ ulUjij >^ to Ai£ il*L ^Ul yUl J oi;f^ ±J^ ^ ^>' 2 
kJU ^ (L itiiljj i>%i j*Lsii oli i x jili>>J 3LJUI ^1 fl^Sl yi 4« Wli.jJ-* ^j>d ^^j ■ jj^ 1 j* 
T oL>«U ^jll JjUl ^ ^ . 20 cm ^ ij^lJj ,> g^^k^ ^ t* ^^' "^J ' * '$*" J* hj ™ 
U^Jl ^ 16 km oU^ ^, ( yj\j ) $* JLil-l jlf* hjK{j . 320 m ^jJl L^J^ ol*>* Ulil "dk** d* 3 

. J^JI ji* > ^^^1 Jil jjktl J jib J^j fJP j#3Al . j^ 1 Ji* f lil > ,ji ^-^ ^^ ( JJ j y ) 

^j . U0 cm ^1 It-ljL oL>« ^j^JI ^ ^ Lb jljl^ ^JU o r jj*-. 24-1 f JSiJl ^ 4 
^ {^tito ^ jUl (jji jIjS* U . AB idJI JJ» jb JL^I )l^ $tf* & ^^J yiiSl J^lj ^ ^ 

V ljJIj^ A>1 J^ LJj 4uS ^U (ui) J O ^yly;- >i>i JSIS ^ffe* LoS Jjl ( I ) 

4 ULJI jJ^ j^LA, JL*% . j JJI ^ to* ^L*« 24-1 j, J£JI ^ jLUl 05UUI o^l Ijmh iJHfl 5 1 
kiJl jm 30" Ujiji. l^jtj A ttfiftj jjjA*il Cei "L- 11 ^-^ 6^ i«M ^ ***i UjJi ^j - ^^ ^F* 
oU4 ^-^ ^y 1 J^ 1 jj ^ t f/ = 30 cm o^ l.5|i ■ ^J'j ^j^ 1 ^ iiLl1 ^^^ ^ ^ 

. « jj*J jls ^1 Ui>i >*: SO cm ^jll LaJ^ ol>^ o^vi; j^ 1 ^ ^^ u wt " ^r b- 1 * ^ 6 ' 
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( jjpJIj Ji-l-ijJt : <u>jll ^Lj*J! ) Gj>J<j ,«iyi J^ 1 



i' i*jj ^ji jit (i_i) * *J iui j^ iS* { I ) 
Ljj>1 j_>0 oU-^j iiSL-ygj jjLH ji ijjiii* ijL^k Ojj»j jjjii* U*jjJj j^U* J^>"i c»l*^ IjOom jJLfi 7 ■ 
( yjj ) JLtU jLp. ^j ^i , 4.0 km U,IjI* 4JL* a jja* JLc ^j-jvJI ^ Jua^j . a jjjkJ' JjL ^b ^1 
j_i Lai\ & Uj» ^jjjJJ oiLjJI oljJjJdl bl^j ojJj . ;>!jj«all ±>l > 2.5 km U,liL laL* Jj& L^lu Jji+ 
I+jjuJ jl J-sj ^i». jjjiJI ojl^j w |_uaJUj; jl+jjJL UulLU ijiL!VUI oLvpU JjSLLI 3-iiJt £|fJl>jJj . i^jjl y-U 
? l^JI 3iJi iLL j> ^iLrlUI ol^jJJ ^jll JjkJl yn Li . Jijil Lj* ajLvll Jj ij^S u L^Ji 

24-3 ^1 

*' ^tfj< Vj]} j^rII UjL'I bi* 6jjij jill SgjjJI ^» Lj (uj) f ^J>jiJl &# uLuJI j* L* ( I ) , S.2 r & i.uJ 
Li ( ' ) . 600 nm *a *j&Uil ^aU j^jlt JjUlj 1 0,10mm j* *JjJ r yjl\ j^Jl L^»J J jjj^jaJI ^11 ajLII 9 

* 4-uLjkJI *£j]J ^JmJI lijillj (w) ? tilllJl LSjfl ^J^Jl lu|i)| UiJ ii>; ^Ji 4^1 ^ft 

L» , 0.5 mill LftilJU uL<4 LfA# J*imj .JJl JJLuA.'l oUoiLJl jj t-jj ^J* 550 cm ;->+il dtk »*i-i uj JwLjj 10 

v 4jiHi ^ jf ^ jLJi luUf La-iie iiLi" jJ 1 Ly_^l jj 

yd =0.0 m jii' Ijii , 60 Cm VJ^II Ldjisj jjJall i iiiJU ^L>j* 24—1 i JliJl jj yLwJl ojMiJI IjJwm djuuj 11 

? Jj^l ^yj LuJl ImUI '^) j JjS'l Ij^ Lf *UI i^Jl ( i } Qjfi 0> 4B Jjt ^b 4*f ^1 Jii D *30 in 

^jjl JjiJlj . 1.2 m ju» JSUJIj (jjX*Jifl liy oUllj 0,2 cm y* rjJjil J^ 1 ^jV ^ ^^ l bit ^^ 12 
^L* _Lc ^uji| jkjiJl (^j) , JuJl ^All ( i } . ,y, l!j^ Jji nj;^ Ji* . 480 nm ** a,;"^ 11 jl* iaSI—Jl tjjU 

. ^jSjil Jij^l ^■4J ( A^>1 <j_^L 4jjS_J.I (j^l *JtfUl 

jLi' lj| JjL»JIj jjJJJI l«-i 4JLJI jj Li , 0.4 mm uLu U^Jlu ^ili ^Ic 460 nm ^U* JjL f-j^ij-M IS 

? 3.6 mm y> syUJlj Jj^l i ^uiJ^l< j^ifJl ^ J*LpJI 
4jX(JI ^ 0.5 mm juwj LwttJf LujU ^^jJaJt iwSJI oJl£' li! ^yjl jji JL^*; ^ ^jSJJi ^v j^U^JI iU ^ 14 

. 550 nm .jio-JI t^il] ^1 J^kJlj 2.0 m ^1 Jj JibOl 6* UUil ? ^sj5jil *WI 
1,00 Jj-IjJJJ jaWI ^i)' jrfj J-^j . rjjj^l J^J! *jj*3 ji lj^*^ 1 j^ 4 ^ 4 n" 1 j^^ 1 ^ Jjyi '^ ^ 15 ■ 
OaJp wh>( s-ya *i^i^\ Ijl LhjLllII ^l;.f i <ui]| ^u icLJl iLj ^ . ^I^IaJI />£ L0 m juyu JjL> jjf mm 

f ^ji>jill S^Li^ 656 nm ^^11 
Ljjlj jJLc iiij^*j JjTfl iyjfjJL) jJ"JI iuifl jii i jFjJjil (pJi ^jJM ji (A =456 nm) jjJVl tj-c »l-iia-l jjp 16 ■ 
djjjj I_uliJl iy^U ^j+LJi i+iill ^U »j*!| li^ ^_jil JU» J^*^* jJ^i Jfaj^.1 j^j 4.0 x 10' 4 rad. Ujlji* 
T ^1 lis .u!-£ JaLJI jbLU ji .jij (v) ? ^p^ 1 jJ^ 1 ^ j^yi 1 J^J 1 4* U ( i > . 6.0 x 10' 4 pad. M 
0.3 mm iiL** U+luQ obwiH ^ jyy j^ W nni J] 400 tim fr i^jll Jl*LH ^jj iJ k«j a^ 1 *>i ^ 1 ? • 

, Ik = 700 nm) j*»^l j (A ^ 400 nm) ^^JJI 
Uljj L,.! itf . »Ul ^ 4MIj jL>*Jl v ^i p 0.30 mm U+Jw J^ ^li»oi ^ijJ *jj)il jJI o^ ^s ^d>U 18 ■ 
f' 550 nm 1* ? I ilf i ixkuil tjjiJ J-jll lJ^IaJI jIS IJJ ( Jwi-ljjJJ i^*liui ,^iiUJ Jji j*£u 
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{ JjpJIj L t>ljjJ' ■ *■*>$ LjLjjdJI ) gjjilJlj *jkJI JjiJ! 



24-5 j 24-4 jU-.iJI 

j-jH JjIj *w ji£ I j| iL'l sJa iLw .Udy »5 1.3 UjL^I J*l« djL ji U^ ■u^iv ^L*i .j>L>j r> ^ W 

V ^tSjM^I ,> ^Jl 0*j iiij Ij^h* LLuj 4n0 nrn 
f ■£« (^fJiul j-JS' jaj^i FifiO inn ^jl| Jjl> **j &£ Ijj 19 Jj i/LlI ^J SjtSJdl JjyJl d**. p U W 
>UaJ< ^Ic L^jjas 530 nm ^jll <(J> *y- KL^ t^j . 140 inm d^ ji ; , *Lii ^jljS ,.L»j <> r J ^ 21 ■ 
j_j_k jjJJi idiLilliil ji jj j-ii : ■n-iiij ) . tLi^l jL£i| JjUj a>jI . ^liu^i (p jjjl a>j ulu ity OlJ 

. ( n > 1 J**! «ttt>* 

, 1,5 jjl*)Jl J^-^' J*L" Jf»*l ? ii J >**J^ (> iT^'JajE-JI JJ* Ai Li dj^i L^HajI £»j£*w . jiwjl f**H 

utj cjj l^bs kL ijj U = 5Q0 nm) j-iSi* U = 700 nm) ^1 frtjill ■> is ».L ^U ^to ^ 23 i 
f ^l&fll lii iifcj ***» ii^JI L^" j» Lj i 1.40 4*1m1I j<~£>\ JjIju (ft ll[i 

. n ^ 1.33 ji jilll s-lll jL£l J-Lu ^41 
Ui$l ij-j ji Jb*j jJj . W*k-, yJ* ( n = 1.0 sjL^ 1 J.L- ) -^"^1 Ch «^j ^v ^Ja. "dT^ oAi as i 
. tUiiJ (>ui** o«^- J 5 ' ^ji . 550 am ^ ^?->il J_jkJI ^ LuJ* jti\ ^ ■& Q$ ^*^i 

^Jjj n^3 J !uii**Jl J! j-Iswj L*iUj , ^Lii! IjJj ullj* lii^i L*^**j Lu^ jll>k*j jU^>L>j jU>j^vi jpj Sfl 

? Jjjjj OJA klJlj (O) j, 0^34 

^^uJiw c.^L*} o^i.r 0^ ^ j^y Lft^i ^ <> ( 580 nm lt 5 '^ 1 ^ ) /^' 6 ^ t ^*^ ^ 2] 
JLjI Li ^ 5.0 cm juu ^1* ^i>fJI iiM^'l Ji*- U ( i ) . 0.6 cm ^ ^-4* ^is ^ JjsifJI ^i* 
o_j^j 4_j_Lh .j^i- 1 )!' |jl jtjictj aJL-JI iii (lj) , Cjjjj LLjJ l«ul ^k-l^j jaU,! j.jfc-'jll til j^c ( V Oe^T*' 1 

*jj *LJ^j Jbl u4 "p wl*» j^)'l JJ jJaJu U% . 1.56 fljljjLi jLii JjiLu ^L.j ^» ^1* ^L>j i^^iJ 28 ■ 

v iluitl luljSl IajJI .Ale jJ-,^1 dL-i ^h U , 'L&j up *^ujJi ojL* jLj 460 nm ^41 JJ* 
^jlj^i i4ii* ±jtf o^jJ* LO4 vLl*^ j^ jj U . *L iijj jjJ yk cjjj Li jLj J-b-^jjJf c*1^j« tfiti 2S ■ 

. 500 nm j^*^l ^ ^jU Jjtllj 1.4 l^jJI jLSil J*i« j^l i! {j^WSi 
1.04 cm LJLL1 lyM 4iUJl ^Li J-i ^Lfj . jJ^ o s ji> rlH^I &W nm ^jll <djt j JJI ^JyJl ^ (.j>L^ 30 

1 

ij^Jl ^jll jJ tjjjji jlit* ia U illb "tjj*jjl oil* Ijlj (v) V ^ ! ;ift j* ^M 1 'J^ 1 j lj " ^ ( l ) ■ 

(^i Uiw *Joj-i jl* ( ^j^ >^b r-* W^" - 1 *' 0' lSI ) k^> 't- 1 .^ ***^ vjaJi »t«1*J| j*s-i 31 1 

Ljm i>l* -^^^ 3 .j«1J ^L^ ^1^ .y JiL ^ , 4.0 m wJL*Jl li^J 'Lb^l >5 JU ^ t gjt*jjl 

oi L£ 5.5 mm jj 30 *jj 4_*1MI UUII jk» JL^ 0' -^^J ■ ^ ^ ^>L! ^' A f^ ^ J ^ * Jl1 ' 
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( Jy*>i\j J* Lull : Aj*j]1 Plrfj^l ) jJ>*J1j £^ J*^ 1 



( : 1+lH lii ^ i_ilj1.II -,yi} ^^1 JjkJl ^a L , iUlsus isLtJJU ijj5jil UimII 

24-6 ma."! 

jj i-jJJI I j#J jjljJI JljjO^fl j_* L. , y*^ Ji" ^ Ja> 4000 *j jjj>4 j] G80 inn ^jll Ji »j4 4j 32 

<-fJji j-tiwl ' <■•'" i±tJ_>Jj , ■£ y.JU J*j> j'j^»* jJbP (A - 632,8) juj . - n ; ' j II jjj ^i >**( <-«_u i_dlL JaJ-u 33 

S dJJUJl 5^ijJJ j*JiwJI Wl j+Jw Ljlj Li aIp T jj^j^Mil J^Lp j'jSj U ( ! ) ., ffi l*>ljk Lylj JJ* JjS'l 
. G89,u92 nm j 088,995 nm Lji &y*j* C«-'ji ,> 6^ ■ fj; J ,H' ^ <> j J L^ >^' *^ jjL^JI JaiWI 34 
_i Jsj- 5000 Ji£ jjjL*j ii)»M ikJu wUJU JiTfl ijj J I ;> uuWl .J ;>jJ**J' d)JA* jjj ijiijJl ji\ui\ uji-**! 

. LlLjJl Lj Jl fr <JJJ lidJL -LlLj.1 if I . jni'i'i j : I 

k>Jlj (4351 am) jjjS'l J»JI ^ ^3)1 jl^IjoJI ou>I . j&uttJI ji J»* 6000 ^ jy^j j^ j^)*j iljJ 35 

. Iuii r i Li^ll Ji. (v) i Jj Si JjjJI Jl^ ( i ) : iJL> ji $$l (546,1 nm) j^i'il 
jJ^ £$l>i J>a> iih*^ ^-"^ ^j 1 ^ 1 (G89 nm) jjut>3l ^jj^Ji J*>J <i> ] ® L^ [ l J^J jjljJI *ijll ui*^l 36 

. j -- : -- .11 J Li 5600 
r^jij Lilj LI ji« -ji** 3^3** JUlLiL. 41.0" Ljlj jj* Mt (A = 546 nm) LjtfJI 'ifiji _>a*^I Ja^Jl 5) i»_j 97 

, (A * 589 nm) JjVl ^JjD >- S'l L3J1 
Jl LJiiiul jjpil m3j jit £ . ■^•-"■'- -li , i iu> 5000 >b jj^iu J* yjjij 079 nm ^jll ■UsJ,- *jJ> Jal*j 38 ■ 

V iJLill tjjjj Lf^jj 0^ 
yij ( *Ui jJ ) Uv; ±% ji«?i j* U , iUU j^ o^> J* lj i 1 *^ 1 J ^ 60M <j J j^ JJt>* ^J^ 1 39 ■ 

r > ■ 

* (54G.1 nm) j«w^i jjjjJI J*i Ujj: j^ jl 
^ jj U , j^jX^J\ j iai 4000 o jj3*j jk 700 nm J[ 400 ,> L>ji( Jl^l .^Li jji-l ^ LL- 40 ■ 

f 3j3>JI j> 1.6m j*« Jil> ^ JjS'l L^jJI Jy^ 

24-8 j 24-7 jUiJI 

>jili j-i 4JL=- J ( Jj^l LyjJJ ^m/^II i^jl*jiJI Ojj ^1 4yljfl j! ) L35JI L/ *Ji^l IwUJ Jj^l jij-Jl A*ji 41 

. Mf) nm j^-^Jl J^L tjj *jjk JsLijj 0,030 cm <j>j* 
Lqlj Jai: jjo>H jjil (ljujU ( jjiJI ) LjjJf LiHi t oj^Jii i hju* i^ji J* 43l>nm ^jll Ji t^JiL 42 

V LkiaIi jAjii *» U , JvixiiliiJ jl'i L->^^ 1'^" ^jl.-utd 
Ijuj jJjU Jj: 1 0,2 mm L^j^ 4l^ Sj^i aj uui fiflf) 11 m j^jJI 4J5L y$e *k~Ay_ rjUJl J^<>JI Jb**j J>*y5 43 ■ 

, JibJl ^ jjoLU Ui ^jll ^^JsutJl L^l u±y. jjfjf , Uiiil C?* l-O m 
jsLili ^jjLOI Lb#l yiy jlSj . 0,060 mm ^y. Zb& i*ti jfi *j* jl^| jj^ 6* -^ ip J j4> -^ 6p 44 



v .^iiji ,j^U ^jlf JjtJ[ 4ft L , 4.2G cm 3a o^Ji 6* li.O m **+> ^ J* 
JjL* J( oaLHi j_^pJl LuJ ^ j,uLj 4iw oui j^ jjjjl^ 1^.4 /(m 1 _ r »jJll l+Ji tij*»JI l^^ i**,H -** 45 
iS . 0,fi lltlll f Hj^jII lji LJI lyiJl ^U- ^U JjSl ^ ofjJ** oi^ Jj' JucUJ 0' i * :i " 1^ l ' 2 in ^ 
* Ji«jJJl JJ LvjiJl ^y j-aiiJl lil Jj,^l 4jujU CW^-*^' £hi^l l>^ -^-^l ■ 1 *^ 1 >W* 



( j^iJlj JiUJI ; ii^jlj ^j*J\ ) ^ji*}\} dj\ >A)1 



<u£ ii>LiJl iiu ; } jL i£a 0,24 un *i nil* j'_J| IJ ^b IJli . E-iuu li*LJ LuL^I ^uLaJl ^sJ J»j Jsi 4fi ■ 
, ^1 5US! # ^JUJI j^pjl j* |jl#J jjaJI JjUOI if j&\ * jjisJl ji kq j3 LfJ ^L^l &t»lt«ll £,15 lij 

J 4ajHJ[ si* ^ c^U&J Jj^j jjji I* , 1.6 m ;>+*^! o^ ^-^ ( j ^90 nm 'j-^ if^ 1 -\)^' ^' ^' ^> 
viuwj jjj < 2.8 m juuj { JjL> ) Lili ,j_b ijilji^ji c^j-i oj*^ iy£J 3,0 cm LnjkS L.j# o*j*JJ 47 ■ 

^j HiL-M J-ii — j Lj , 5.0 in IjIj tyd* i'^ . LujuLJ'i <uu!L J^- jjjj ^ « J^a » ujj&Jb ^j>>^ 4iJ ■ 

. 500 run j^jll tjjlJ gtyll JjUl 6* j«*l ■ 3.9 X 10 H IB 

24-9 ^J 

aij 1 ij*ill d....'ll j U . /f 4iJ-S !**-* i ! JiJu 'la+jIj i L^liriLJ :L>Jl j* j>Ij b± lJ 3 jLJ^jLLm Juj UjuL; 49 

? 50 u UjkA Ljlj L+w {J6 jJ ImIu «*- jil ijjJi 
i^jljJI j* U , is 4Jii l^i ylJiJj LifjLi j>Ij sL^jLj Qj^u L«!Jl«i* t^ail** ^i kjlkil*^! Ij^sj jj^j UjJj- Sfl 

f -fo ^ujI^i SjiUli SiiJl siub' IJl b+^ jiJI 

>3_jwI sjlj ij>J . "jJii ^UmI^I i^jjJI ^li sjliw ja£ t^ll ^ i lilfJl ^ij . (J -fljJ< L3JI m 30" Ujbu 
^j-ljSI i*JJ Jjbliil jjjLJI <jjij ^ L L 1,54 tjL£1 J*U< ^L*j *U ^b tlj^Jl ^ ^I j,, . . jji *^ LL^ 63 

; ((b) ^li/uH) v^a*^^ ,j^^ A*- r| /^ Li ***f - * i^ 1 ** V^ ^^ ^ ^^ " J*-JU* Vj 1 ^' 5S ■ 

, cot flw ■ siii ft: : «VL ft jl£H jiiUl ^l^^S i^UL ^.yJI iyljJI j* V^ 
i ^U-j^ij »Ui 6^ J^^ 1 j^ H 3 ^ 1 i>* l- 1 ^ 'r^ "^^ yU«jJ ^ ayjj«* ^* ^j^l ^j'j v La * 1 M ■ 

. 1,52 ja J^jJ] jUJ^Il J^lm ji j^=l , illl JiSj 6* J»i- ^ J j^^f 
S s^Ul i*^JI jLiil ^jfj j* L . Lbi! UjU; j*U* *^^ SjU fi*.-W* J* j^tf \$M *J^ ^3* ^ ^ ■ 

i»» JjU 
jj 200 km j^ jic a_L Jjlt jjjjlj iJsw^ i 200 m ^yl J^UI .ilj LSL^JI blj)'l oL*-^ JL^twl ^ 56 1 

£i u^j^ ti*li ^b ob^^Jl ^b^Li ^ ^lillj ik«Jl ^ ijtiu jLui bii>i j^jfe fi* Jij JUj)'l ik*i 



( Jji*Jlj Jiljlfl : 4j*j1 I OltfjtfljJl ) jj^iuJIj ajIjJI JjiaJI 



^J ■ J^-^'j J— 'ji' DM J— * p^"^ ^* J 1 ^ 1 ji* * JLj)'l jLf»J 4^-ljil 4j>LJI jj ( jijljjl ) JjiiJl 

V iu>LJl ifju JfcLi t 'lSl Ujl.lL Li*j 0^ ,j Ji'J1-!l Xi£ oL>j*1J .jLajLLm ^Ujtf :^jlii Ji>jl 

^_jJI JaL»uj , LfJijj jiLjoX ^U+ _^p u£>2S ^ J>hv* j^jjl ^jk *>* /" ^0 um j-^il <d_jJ» *^j IsLu G9 ■ 
JjJJl jj tj^tl ijiLi^u jjJl LiUi ..^1 jJj ^ 560 nm j*j]l <d_jL ^jJIj Lul^Jl i^JJ ^jJ-wSI 1*j*JJ jtUJI 
usl (w) ^ ^^_ il ji J^jkJl >-^i j>)L\ J JJI i* L. ( I ) . LubJl iZji l ^aJI luiU jfelillj JjfkJt ^jli 

2,0 m j-w _m-> J* JSljjiuJ ^ifu jjj . till J jw rJ J, V' ijp f^ -I* 620 nrn ,fW' ^?" 'j^^ii— j 60 ■ 
i JJl>Ji ^ ^wtUaJl sjjllll ^ Lr *^ 1 WJ' Jl ^jV 1 j^ 1 ^' iw ^^' j* L* ■ C W i ! }* o^ ^ 

V 0,5 mm ^ ,jji*iili Cw ^'-^' ^^ '^! 
590 um jj-ill jL i-lj -ikJ^i dj^Lj J* I l > ^U&Llrj LlJI ^ jliLiiL j'jjjlwl* jU^-L^j ubi*^ w ! jJ (51 ■ 

. ►ULj ^Ijjj Lju£ ijjj^jjji u^ Sj^iiU -u^b jJLJ) it' (y) , IjJLi j^AlxtjJlJ 1 ^ 
l}£> ,t*-«*u Ja_^ ,*_» JjVi Luj!l j_* 600 nm ^^ 1 4JJ1 .ki yfljjg ^ jj_^u> w«ij ^ J-» ( I ) 62 ■■ 
ulfcLjfy J^j 1 U£*j ^_lj J (j|j (_^-) f J^s t diu Jj jl£ fjji {v) ? ^^! ^' 6< &M am ^.y 1 

* djj ^ jaj ik« ji ^ iju ( j ) v v^J jj*' c^jiy) i^J^ li * J** 

oLj-ui [ A l^i ji j 4^*jJI liL^-^jJJ gptSiCI jjjjjui5 JjAi j3 iljJUfJl i> £J*" IJ* u|* S^^' iJjjJSJS j'^i 

0,15 mm L^jf Hixd i*li -JJL fjtSj 1 4.0 m '^Lc o-Lui is y .t^w Jf >j*ii J^jjl dljI^^LJi > »■*.■ vk> 64 ■■ 
jjid! jji^I J=jJJ ^jijil ^^1 WJ 1 l^j^ >* ^ . r^ 1 ijJ* k^y* ^^3 nm ^^ll iJy= y^ tjJ ii^i J 

5 tfyi ? 15 ju^ 



-1)54- 



i « dfitiltj jLffiftj y-tfitf* C5JU U^ j5j fill 
( oLiuJI j Ijfjfl >u jl fejIfU Ul Jflfl Utf t*»& fi ! 

. ij^ j>i 5>*i k* 1 ^ Jj^ jj-y ■ *^ V^ 1 
ScUSJi (> j-iii jjJ ^l* ***** ii^tj i ww^ J^ 1 




C*Jl 25-1 



p 

ii^l Ul ^ Jl J>UI kjJJI <*6 J ^k ^' L * jJI 'r 1 * 1 * ^ * ^ 
y ijt i^jj . WjSH *i* r^ ^ J! ^ |jfl ^ £**"' ■ t 11 J! 

s Uijj ^1 jL£i i*Lu fiS L^j*, y^i jM ji J5l 4*j* y-SI 
l^&USLu l+JS t &J1 ji ^Wi ^b ^L* J^ 1 

te UUil w^-L ^Jj 4^1 j-JLs p fi^j . t£ji- V^ ^ W 

, UiVl jU - n u* fUj . Lull ^ jW > Liij ^ ^ 

-MS- 






( Sf^l »>**^ ) Ujj^J ^ LiJI J^ 1 













t,u-JlL 



:2G 2Jii 

. djjiu Jjju 4iii £ljj 



i^jJil i±A>^\ j* jjfjll ji siftj * I^Mi itfJJ ijfjjjfll Mfll ujS* J 1 - £*^- 
~^j i*jSl j^*: jb Ojjj j^it 4*1*11 r*^ il&y &- j^' M*-* 3 ^-^ 

j^_Vi tii_i* J oLj^j Ji# SJLhwJI 4tiill ;> l*4*J yljj^j jsUj-i jit J^jiil ^ii 



\ 



n 










i 



(i#jAtJI)j»aij 



M 




ji l^jS; cji>i_j hy& U^ ^i-ii Ii] 4^ kiP t^ s * LLl1 ^ ! - tJ ' ^J" ^ * 
LjjaJl *Mi!l j^*33 j^JI ii* jiSj . . bv?lj sj*j ^»J ^ ^ lS-^I JJ 4>^ 
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1 



( i,j*J Sj^l ) jjjiuJIj ^UJI >iJI 



JJsj d±j» , « L^il » y jJuJf j_j>L 11a ^ji-uj i L&ill JU fi» j^aj p^ 
Js^iL j_£i I_i£aII ^U ju*J( pA»JI ijj^ u ]£j t ,j>UI > jiii !«** ^Jl 
^ k£> j£p\ ^ SjjD jlaifl j-l V-^ 1 ij*Jlj ■ ( I ) a5 ~ a JSJJI ji Li 




iljlAri iU-i~ 



jjjiijj^iiiitiiai 










i^^^jj lj_, j 



I— ll yjfr till j Vli* ^HJ-iJl [>*& JJJti 

<_t*ki . JLj ...ill ( lj«is]| ) j^uiiSi 







M 



:2<5-3 Jli 

jjilj «*^ 4*** ^Jiljj JUll JjJa *j'""'ij {^ij . ^aLl'i iji^S UiL» jA.f i 25 cm > 
.j' 1 -VVj - 25 Cltl U^Jti ii'ujLi Jp. pu*. juijy Liiit jjiii ijjjiil iiiiil jt <Ujjij ijjrf 



i^jJlj ( 2S-3 J_£iJl ) ( Ljjjjui ) ji jjajjl Jjfc j»j jU,^ pit3 u^ JUjj 

aL-L>"il 5j*w«i j5y j5i ^f^ ^*i 4-**^ rjuAi yl LjiijJ J ^ T JJ*J' lift <J^ 

aLd^oll Mj-^ , r-^" ^ JU ? J ^""j*"*" ^>^ Ji ^-'-N H-*^3 ■^yv^ 5 'r* ^ 

yjjJJ Ijjj jlSif iLw jJ! LUi!l JuJj *^Ji3 5j** jj^ ^P > j*Jl i> 25 tm 

, ^i J|kf LLil 
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( ^jkJjJ 1 *j4>y ' ) jjj-sjJI* j-aliJI W UJJ! 






Jjjj ^lj 4Jjj* JiH r^A* j*4*^ -^ iji^l ^>"J* t?[i J^lj j^ajI »JAju Llif j 

4— a-jJ_Vu liljLtu J'm'i ..■! r-**y . . UlijffiN jJ* BjAJlJI OJ*i li javI jl JuJJj: 
CjLjJP J^LJkj . SjiLu 1L1 J I Jl aiLuJI Jut iiijL liLif Jll> Jolil\ -b fr_,u!l 
CjL-iJaII j-4 ^Ij-il ^^v j«. l>. ' ". ' J ^Lu' jiuu jl Jj . JLJ jl Jail I iii i Uhc^ i 

ijjj oLjJjO' tie *jJ3j JjiJ 1 oj jIJ 4~^ ^juJ . :j>!j SjUju <L».ii J *Xls 
. iwji *l iaw-ua jl flJA*; o'jLrt* J> tLckl iLjuJ JU twi 



25-1 Jli* 

7B cm ±ju . JLo Lfj uLykj LjJv dj^^JI i & jl jJauJl J*I=j jU J>j Ajl^W 
ji jjj#l V 4-jJ fclj-£Jl 3jUsj oL*jJ yp-^ 1 iJjj^ 1 **" j4 U . liii 4^ (> 

■ ^J+* ^tW^J 'jUs^l d£i *JL-J' 

V 75 cm 4JU» «1j4j ,;jJi Li ; Jl)* 
jub: *L*>i j_Lc j£jJ\ tj^— ■ ^ <-^ Jl 4^«J iJySJt 4^ s Ljjj : Lb^l 

i i_i Jl JiLa 
v fdmi Li>j>^jlJl oLjjuI le ji'l Li : JIJ^ 

jip JLdSjJI sUa* aAL-J oJjltj , t$Lj0 j_* 25 cm uLl, ^ g^ij* ^-ljJ 

f ^jj JiljiJl Sjlkj ^LjjJ JiwJl JwJL; oULOl ai» ii)lc U : JIJ-j 
. Hits Jl ojvJI aLUu LpJuu 3)1*11 :L» : 4jI>)0 

V 3(^1 juu iA L>a V i^ Ji Jl Jaj 4* Le ; J I t-i 

aju_j i>-^l J— v jLJ i j^Jf* iiiaiwiiJl 3_!iJl j^u iiLil Ukfij LLli) ■ obf-^l J" 
. Lj>J[ «UI Chf*^^ 1 C>* J^j ■ v^y" u^ 7Gcm j 25 cm j^y^ tj_^ ! 
V * j p y# Jfl UiLwl -*>iyi oiljU^i j* Li ■ J(J-» 
, i - -75 cm dfilj LjjjjJ ij^ij . ^ = +^ r > cm jii I IfJj i J&* wJl : iil>)/l 

: JLj Li J* iiyij)! L-o*Jl iJjU* j^ i^Miflli^ijJbJl 



1- 1 -,. 1 



+2 



/* 25 cm -7Rcm 75 cm 

f - +37,5 cm 

OjLjij _)J (Li) OL^I iljLS . i*4>-l i*JJ J! Jd^ (Jj L-J*jll JjjJI JULjJIj 
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( ijj-aJI lji^i\ ) jjji*Jlj ^UJ! Jjjjl 



yjSjrf yjikil 3j_jJ! JfljJl jli . j±U«Jl ill! JaL'L 2 CJJl ll£ IjAAfii'l CjLojjl 

. i = -73 cm j p e +33 cm iJL*Jl tjjt ^j : «*■£; . f = 433.6 cm 

igjifl li&jl jj* Lij . /'= 60 cm iitjifei iLiJ ^j]Jl iJ[ jLS" Ijl ; ^j*i 

. 43 cm : U*?l . ^ 



25-2 JtU 

V 75 cm j^lyj LujJUl L^jJmU s.umJ ^,^^0 <uj*I i^ykli ^jjjJI jwJI )* Ij 

iiL^iJI If ^jJl |_jj jLii! lit lidy tflll jLkw^I i_u£ f-jj jit j : Jljj 

V JjO -U.-V.LVJ1II 

JJ ^w Ui^j . { \y>j# ) Jbi _^ 6» ^Id ^! . 75 cm i> J**V ^Li^l Lj, 

, ijWl ' .j •;]■■: i ,& *-**Jl ibJJ '*-!,]*■& 'i<y p*" £tl ^ iLiJl £jlj lib u^ 
* ^jJl L-jjJI iijUu ^J i j p i> J53 UiUvl ^ vo*^' juiil j* Lj : Jl)j 

, i --75 cm j p = + ■» : 4j^I 

f *» -75 cm 75 cm 



f = -75 cm 



{ iijn i^Juh ) 




4i^l ( Ij,s#lil1 ) j^*ll aii 25-2 



/p ujilj iuJiJl Jjjj fr .^UltS £jLij 

i^LUl tl ft jj 4 J>flll iUjJ r |»VJ 



*jLkLJ ^ . LjjAJI jjaJLS' j#S' ju» Jl ( 25-4 JftU! J ) y_±*ti\ '4\ J«*" 

_J**j _ j^uiJl _» ";'■'■ ~-li >Ll> >yL -Sly jijj JLj _Lp U u^J »jj,j jj£j o> 

L^ j^£j jjJI -uL^jLJI ,jJ1j J^Ji j_b 4jLa> 5jj*j jj_Su jj^sjJI *J I jLnJut |jl 

kjjjj^ *JoiJl ^jJi O^jEl Uj^-aJl OJ-^J . L-jiuiJI ji* Jjii£> 6j^e /y*JI OiP 
( dJiJj j,*!* J;JJ J* C^li CwJ ikwJ! 1^1^)1 i-,i£ j[j .^uJl lit tl laU>j 

LJLf obj-^j sjL> Ijjm* JaJ&k ii ij,j—»L£U Ujji lij Ljjj-i si* ±iLJi i> ; jj 
-959- 



( iuyuJl ij4*^1 } ijji-Jlj u-^LiJi j*A)l 



UK LJ-yi, Ij^lfll jU 4*i JL, jjJI ^jJI j_bS LJi &£}) : L. jii i^jJl 

jJJU 7Ui_yiJ A^15 DjlU L>j3lU Jkj yj il^Tl jUil Lfl >iy>J. . Sj^aJI jlj*»l yAfcM 

ji_5ij jl i_u»iijL*rtj 4jjWl Jul I oUj^j (jlj i 4™' if* ^ ' J i^ k _j^' in »j-iLu 
jj_£ jij a^V jJi^ 4— jjJI jS 1 v y it* #-* ^' l ^ J ^ 1 &* vj^ ifi 
UIa>j LJIjJl vu«ji; j$-dl (_JljJ»i lU*» ji oL^Jl ji j*i ^-u* y#^ 
(ijt Jj: ]m Jjci\^ , , [paw 6* Jjwjj ^jLp »j« i*^> J>|J ijljJ^ J*^r L (iaj 







T 
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( SfjrfJI <j+*lll ) jj/iwOlj yjwUJI JmmIi 



. l_luJI 1jjk ^ UUi L 3_iis i_>^4*j Jf*j*ui 

25-3 JLv- 

j: LiiiJl Jf juj *& i ILrjJi iL>i 25 cm jju if IL& jl l±> im ^lii ■> 
££ Ij^ iU-JAll J^i*0 j^ J*j ? Ajifl jlc ojij* bj^aHj BiiW y> <£)j*23 

, ( 4iij L,jJ| jLltl di^+j ) f »j*J *i |lWJ1 

v i^j !L*aa]I JLj>j jAjjj, .J! jjLil Jb J J™*; i_LS " J[L 

. Lhjii <_ijJI !_j*jJ t^jJi^* itJ-'jjh" d>J^ ^jjijlUlj 

. i=/-55mm jl l//=0t 1/i ^li 1 jluuH jlj*U L_iiJLp-^ m : h\^i\ 

. 25 cm av ji 6 f-»*J ij-*lijj 



1 



1 



55 mm 2 GO mm i 
•? Up ijtfu J Jyjl ^ L*%»J ^ i— jjJI liJ^ Ijl Ij «ijJ Jjjw ifti* J» : Jl}- 

p ouastti lil ^"Ju 1 It i^ew ^jjjl LiiiJi UjLu ,)li ( litfif-Ql ±u> ■ 5jL?)^ 

: ^jS) ilJJIj L<ja)1 jju u'LLl |jlj 25 cm *^*JI j*j qjSj Luis ililLUljJaJl 

1- 1 I 

i 55 mm 250 mm 

i = 170.5 cm 

j_j*5) *j| jl . jy^l |m^D i^uJIj lie i-i*l( <j£ 70.5 - 55 = 15,5 mm ta j*^j 
, y>y^ ***^JI m i_j^SuM i y> jsi-iifl ,j£ liuu 15,fi mm &Lu i^jjJI 4sj>^ j* 



B^ILa-JI 25-3 



S^i* j^ ifj] . ( 25-5 J&Jl ) L^mJI Sj^Vl i-J y* Sj^ll ^j*JI jf* 

. ^jhSI ^>4 Ljji fj^j* ,jj*-^ p-**J fj^* 'j>* j;>^ 
fjjjj 5 25-6 J^Jl jj L^j I j| sjjl<II Uj^I Jj> oLS' p+j ^l£^Lj 

-Ml- 



( *Jj-sujl ljr-5-^l ) gjjimJIj |>**L>JI J^l 



. Jjj/jIH ,>i fo^ jjjUI ^iL dJ jjj 1 Sj^JI <^*JLj ^^ "j**^ 1 

:iL£* oi LLuuE jJj i jkiJl jj^jJIj Jyu I* jjj Af = //Q j* iJIKJ ibUib 
,^uJ( £-iJ Liji i^l -LiJI >«J ^SJj . ( ( i ) 23-3 BjUI ) -Up i+JL 

aj* L*j^I U-^ji' ^ Biy-Jl j>£ L.j1s i = -> jli 25-7 J&JI ^ £*lj 




L*dfr < wl j_ill ijA* Uifr ; ( ^lfr( 



ft i "■ 




ii si - 

U? ■ .,5 ■ 



7 1 ij-lll SJ4 



U' u 



» ' ] 






(25 1) 



I J. 



1/p i±*^L i//'- 1/i j^ uAii^ ^-'■J* 11 HjU*j Li*t-i isj 
jj\jJ\jiJu&\ u ,i- -? i^i' »l.*ij«*l JU jj^iUl J- J ^liJI ^jJaJl ifji^j 

^s. $ b.Jjiu "^jlj J-Ui^ i$ { ! ) 25-8 J&J1 ^ US t o-li ^1 U&ll 
L-tiiJf j^lj. <J[ jJv «J fw/Jl lU^I jju (> Jal ^Lj ^k x*3j 1j| Ul . o^ 1 






- tfjyi^ai 




(25-2) 

j 

:25-7l^ 
i — If- WJ!ljjj.i& 
j^_Sj gi All ,> li*j 

^.jt ijjsidi ijjJi 
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{ Aj^sjJI BJ4-*?) } yjj^iWIj jujliJ) JtfliJl 



:25-S Jli 

J— is ? <^Jl jjij L*ilt ( I ) . ijj jUl 

> -j _iii ULiu Jt j^uJI Liu Lilt j 
iMa Ji jl5 jjuj ^-j*Ji IfLji ^iii 




JJ M*jJU Jji Lvli iJjfcljJl HIjJI ^j ^jljJl _^ialj JJjLa* ^ J^»0 ^j 

: &l 25-S JSill 






tan </>- = i- 

Pn 



!LjM ji «,}kL.nJ Lul$ . iLjJLd uLJLil ''j_a Jju J} ii>.' _yll l^hjjjl Culi Uj 

! (Juy Li I L-Llj Alia Lf-i' Ujjjl 

; ^k*Jl jj.'^-l 25-1 4]jLU ( j l^u-^ jJjLjh Ji 

jJJ 4J?LlJU jJJuilll / )r*Afi P = I ti JJJ pn 4J4jA."' 



J>n 



( Ol+J ^ U j* SjJ-aJl 5j^ jii ) M--j- 



{ i ) (25-1) 



J du^-j . 10 Cm ji 5 4LJ Jjjj Juu EjU ikwJI *x*jpjjl ij^Il o^jjiUj 
ijLyj . B j 2.G (^ujj rjljjy Ijjj-u jtyLv 'j^l ^v JmJ I pjj* Jis yjj t pH - 25 cm 

Jj^jLii Ljjjj Li] -jii i J_ii*JI lid J2ui ^l* t luli JjIjjJI Ji *-Jy*J jli t Jj>' 

6_« , ol j_U . Wj-i?Jl i^ujJl sljj ^AJl ukAil (1/5) ,j**> j*i JI kiLJ JjI 

■jjSl'i i-tjJli 3_*£ Sjt-JI jij-iJ LfMj i jLv"J' ,J lSj^I J-tl>^ 1>I - J '^l 

m ^3* 4i|* jjLJI f-All jj Ljij US - Li' £iLL*j . L*4*il jj^Ill ^jjSlj 

. LJjbJ ySjy yJI J^dliiH JljjJ i>y ^ JJ^ 1 ^N i '^ ^! °^ 1 



96a 



( ^jyJiJI Ej^-T?) ) i^iuJIj jjjliJI J^atiJIi 








uSjll uji-yjijl! 2M 



J^l L- »J*lli . ( 2FS— D J-LUI ) p_^Jl j,^ Lfcfw Ji *ja7 ^^ > Oj&i 
Ldu ic 1$jj <-Jj^ £j-°y f - *^ '* °^* liii> bj^? *juu -uJj^j! <j**?J 

j*—jj 4-iJliJI 4— JjJI iJ . <_V^ ^IjldjUL* OJj: ilu La ULi* - fo 4jL«1J jjjJ 

j j'j-^i 4 lAnil Lfjy^i JI In M«aJI aJ£j . 3u£* -u^as J*c J**0 kJ +J AjJj*JI 

UmjJI jJj: /r Cijl+j Sjf^s ^^^ *j}^ i}$** '-^*j ■ "r. i' ^ ^-^ Aa-JL 

(j iJjUa ju jjJm'JI jjMStfJl tJ^ij 1 " J^+^J ^ rt J*J^ ^ JjjJ—'J V^y^- 1 u* 1 *^' 



JW,j ^ijpo^io 



x_i) = k_i 



j 



,■ Jd Li h . Ll"l A i.I| l^ 

:2G -9 JW 

!jj— all 4— fjjl !jj— i* ^^ ^>^l 
. \&& 4*.*^ l+lijS ^1 AJLiii 



; 25-1 aJjUIL; iJUl^l LUlyj W« S#*Jl L.jJi j-iJ L-JL ^ 
G fr 
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*-*! 1^— ■ i" lVJ£*-" i4jjr' d)"*^l M "■!*£ i -I jj iJnUj illf^ 1 ijiJf via*' k^Jdili 

. 25 cm **J jbjpa-ii 

. {£** juSj jfi\ Ap Jtj*>I! (j$*l Is jA^i Uj£^ jl j^' /i: j fu jtf jijj j5j 
Uu^j ^Ls oL-/JaJJ j J L L i V l I i-jjll 15—*' j ~ *J ' * ' j^* 1 * ^**^ 0^ '^* i 1 ^ lp) 

. Li'Jl oLi*U uiill LjjJI jlJjll ^a 25-3 ibUl! y 4jj&lJ i^S 

Cjlu^l jj_-j^ Ui t 5 mm jkj y^j* V_^"*j^*> j* 4 ^^" ^^ Jj#J' -H 
1 jp , 230 mm ^pllj ^ju^il i-j*JI ^ SiLJl £ul$j t 30 mm gMi 1*jaj 

i_i_*u ijjLi ; LjUJI i^abII OjjSJI UiSil' Jii <LmL$jJ| fj^eJl ^s£jj ^1 uiikll jtf 

i ^U'.j jy.i" „i 

I ^Si ^lj ^jL^JI •jj.all pUjI te %U1 ^ li : t% 
Lrfjjdl u« 1$$ iljj jjtj L»sQ i |»-*^JJ la Up** lAi-iJl LijJl jj£ : 'UL^jI 

. £>jIj.UlH > J£ if LiJud' <JjUs jjIsJuj . <diwl 

! LvJaJI ibU* cjLj+S" (> iijyJl oLiJi ^ U : Jl}- 
ij tJU* jj_i j+J io \ Jdn L*l /i = + 5 mm ^Ji LU±\ 3_,.uJJ 4j_JL : AjL^V 
I^j'J jjJi ^jl j-r'd ) xV = -2150 mm j [» = \ 30 mm j|j 4$i±*JI i*jj*ll o*d',;i 

■ P* Mif 

; : i^y-ijl UoaJI M>*J W^j' J&Pi **p ^^ !j| ! JIJh 

. i«j-JJ! 1-iJuOf 3JjLu (> p« <ijw T>jiy Lfcj^jjj iy ujj ^*i I J>j i« — p*- +■'? 

V J&Jil uj^Ji V L*I oLj^i 0^ jK. U jii^ c>jj Oi/j i>) : J^ 

Ji'ljj] m j i+ji« ^*^f J- 5 25- 3 4JjUiLf IjjJ^I jijlill JSs . *j0 : ^| 

_ p„ c fi, = 2ri0 mill ^L 
: ^t liluJI LjiJl UjLu :4^4lkllj Jail 
11 1 . 25 + 3 



p r 30 mm -250 mm 750 mm 
in = 23(1 mm - 26.fi mm £ti J = 230 mm *i>wj . ^ = ^.6 mm * ^»i 
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( fcijJull S>|R*1 ) jJ_^*J'j jujW J*«JI 



_L-„i 



; iAki]l "^JwJ< 4JjLu« , W= 203 mm 
1 . 203-5 



5 mm 203 mm 1015 mm 



5. IS mm 



^1 j£$|| jjiy . Vy- lL UjaJJ 4jjjjJI AtuuJI (> ^f Sl$ .4» «j ill (i*_j 

_ toft, (203 mm)(250 mm) _ ^ 
/i,/ e ('5 BHn)(3fl mm} 



jSiill ujiJiJI 25-5 









, djSl ^1 J L^ji _jJI Jc*^l jiuj iiy* "o^ 1 ^J^-J^l ji* ( ^ 
£H^3 ->j^J i^- 6 ijJti** ^> L. Ji ijM ^J j$£J vAJjU uj£M Z^*i) 
jj'jh o^ jjUl i^ill ^ ^ Ij mjn ID j' j«JI v^-^ *fls »j4« °j^ 
. Sj^JI y J^LuJI ^ ^S* U ai JJUm (2) j ULL ^ ^ , hi\> 
^i ji^*j j*li 4j!uiii J y^i iljii jl i*j*li j* yj&dsll ^ j-"* fh 

T - 

tLlj ^l ^ijJMj * 4-*^ ^L*i-uJj rJ *-^i **yJ*]l j_jjj j>«J <^**+ k^j* f*^** 

JJ ^jLe ■ ■; -'I lljJj . UJu Jj-Lm *k-J ,Jj- ^11*3 "^ L^l 1*5" ( jj))l 

Uljiji ^ jj_> r j«Mj Ljij^J ^ jLyJt* Jji* Jk Jj vj £-Jl Jjj*ll J j 
i^% ^Uj £jL* ji )£# jjj* ^ jpy j»j 1 m *^-oi >i ^ j^l iUJ ) 

J*«" Ljjj JJ ( 4^ l^At JJJ»* u^ J^-* 3 ii Q^ j*? ^l*/il ^ Li*l-JI 

jjj-^ b-ijfy oi^Jl L-ljll ji oLujJI pjJu ii«» i **W *I^IS JL is^lj 



■ gflfi - 



{ hjjJ\ i^i\ ) ^ji»}\ } ^oUJ| ^H\ 






LyljJI yji U»JI Jjlij Ij-lSII 3JL* ji til jjj i . 25-4 JliJI ^ . ^ 
. J = i l.an </> jkLiJl J* Sj^JI ,l*> ^ JiJj . J^fj ^Jl ^ J£] L_Jl f Jj 
i^ljij ^ $ i^> tan « $ . is = / 5 , po _ ^ ^Jj L£i]| jjLuU SL.J ^ 

; Sj,j»sjI *>>J <J;Us J'JUI L&ij lift Qb«j . jjilJl j-klJIj Lttll 













___ 4 -_ _ ] Aa.-Ujj -in JLki 

jj — Si « JjjfL !■! ■-jj S.jjf^ (uji , »jjUJl i Jj!l jj iJlu jjLa uiJj^J (V"*^ v^W^ ( ' I 
4 m Ujlai £J« yiH l#i)l dj^j Jiilnj , ^^tjkJl l2# <j^ Jtdj* J L^ii ji> lili 375 Oj 

fo- 0.017fi 4? (25-4) 

Ifijji yuLy jlW l ^uj^' ltJtii <L*Lu «_* ft CjjnsJl fjt»t 4>>J i-AwLuJj 
tH- 3 -' /'■' lijJiV J-Vv' ,-V V s j*- 4 «ul Jj t-JUruuT Lai ( tt J jjj_iJI ,-Li uu u 

: H5-7 <JjUJ1 L^JmJ JM jj^JI jjj> j^i U^ill 

, ^jjiljJI *jjAJL u*^ o^ ^'■ L *jJl o^s; oaI-i 1 ^ d j A |V* Ji" ^^ Ijli 

: JL Li ^j xjJf jjuIaJI i>w>Jj qi\ »;^* ■■'■ t 
J [jjj 1^0 ijHS-M P_jl5w olj ajj^i Sjjy? ^j-JJJ JyWl Jjj^H jajJI Ji*j 1 

s*vN J B ly i f. j. „ii , U* , f C r j ij -(.-,1': ' 

. 25-9 JU1I y* (j#*S Ijj;!* ly t+j , 5jJJ Jf jj ^ _^ U Jj^jj - i jjj _ ^ l^\ 

. yjl t jjffl tljj ,iJi»J J J^U *wii y Jjw4JJ jjjill jtuJl jj^j lj£*j 
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1 '/ 
'/ 

III ' 


L 


1 /' 

I/ 1 
\l ' 

[/- . 
IT ' 


_ 


1 Jt 


' 



Itjl^jtjjjj^ll 






( ^JJU" 3jHf>Vl ) jjjijJlj! t^ulLiJl J_*iJI 













L*wJU . l^Ju* jj^j ^ l-^j^ Jill Joil_*l LiijS' 2.5-10 JJ^JI u^j 

K.&i? i^yj* 2 Wb Lt5 , L-IUuFli^jil J ^llM ,'J pJji.' -ill iLlLuII /(I JjtlJl AJLLIi 

ji> v^vJJ 4jjL^ 4^jjjj 5jjj gjiLi 4^11 ijji \lUJJj . /« jj jji£j j*aJl ^jj*nU' 
. SjjSII Sjj-ail jj,u£ Liry«jl ^1 tfyj . kjl+J'JU 
a^il , . i. ,ft i ijlw Uj*j l_-'. i5 - m ' .Jj ,I (Jji'wl J-^uJl tljLm jIajJI i ;j"il ,uru»j^ 

Ly(jJl j*JtJ j* 4A*£H jJi i«u!l |*a*JI LjJjIL jSJI t/) ijjIjJ'* . 25-11 J£JJ! 
: J] ^yp WjJI »iii . liiiiJi jit h i .«-nJl Lj-ijiij jilt 

tan f/) ■= - -f 

: iijUlb J**** JjaII Uljj 1 Jill 0' lj61\ iyljJl LI 

tan A' *= (i* = — 

(25-5) 



=35-11 jU 







V>yiJif s J 




1 



.^Lp^Hu) 




45-12 JS« 



Jljjt^iKllij.t 



J 

25-12 JiiJi t^jjj . 4hUII 1*Ji j*3 ^iiys tidy *j*II vtjil **■» Bjfc 



( Aj^ojJI i}4>" ) OjA^J o^'>J' J^ 1 



— i> L - J "" ',;i J— ' s tiii ' J-^' |1L .J 1 * ',, J- 1 ' LjijjLui . jrfJ' 3JJV ^ Uwj 
J*-|j ( Uj^ ( SjJ^JLj ik*ll jjtj ) UUj l^ui'l L,J*Jl 3jjj &■ tJu j£ii!l 

, ( I ) 25-12 J£4tl ^ Li' y/-$ 

^ Uj&I Lui^l HjA\ t'l-b *JsL"^ . U*i\ SjiJ! Jl L^u, LIl^I Jl y^i ^£ 
. j*-' 'J" 11 >iA4 Jje LjiiC Li jw ■ 4j J i <Jj jl oj^JI J] lfJ_^i>j J^j Will 

ajj-jj lW i ^Ij^bJI jjiuvj ( dTj-JJ ji-T l^y (j>) 25-12 JiAJl jjjj 

Uju Jj- ujjjfinjl'fl jj>* JjJ? .JLt JmJjJ *J(«flJl <Ll»_^ Aw OJUkj ^jiL iljpJ iJ 

3j^U* jL* tJj^*" ^-*^ l -*-^* *j^ Oj^"j ■ " 4 f^ 1 ^ j* lij^j* v* 6* 

■ J^ iSjjJf >i 

|^1£ o^ 1^1** rf^Ol grifl r"^ - ^a> jj - ( aj* ji ji* ■ IJ* lj^ ^V !l >* 
jj S^ljSlI **i^i }^jL *Jj ^illt siaj ^ ^ jii\ Je*% . )$j&\ ^41 u« 

L. . ( 25-13 JUL ) j^L*U iiiyi-J3 ^ s^Lt L^l ^| ll> d^^I lu^UI 
U5 . (^Ju* 11 JU«— .1 jjj^j jill JmJI JJIjjI ** ii^ f j^ ti> t»i J^ 1 ^ rt^ 

yji iy; ^ifl ^4 yiLijjJl £i#M-t^j iWJ*ifl j^^ ! 6iH ^y 1 ^'j^ 1 if 

. ( V ) 25-13 JLiJI j3 ^j v ^ W Jill ^loJ! ^^^1 J^> jj 5j>JI 
Ji_J Jj is^l Ji»jj djo*j i^jjj l l^f-J jil olj^i (> y^iill li* Jj'jjj 
eLj^l j-.iL i-ii»J SjjJii Ojj-e j^ JJtLiii ^LJ JJJJ L^jDj . j'-JI J} ftpfftj 



25 1 j>&>y JIjj 

ji UiiJ jj^Jl jAiJij t jij^l J* 4*lj *i» 0J a LjjIjL ^jlj jjJl JjLL 



96*) 



( i^-yJi Sj-g^llt ) ujjijJlj u^iiJi j-ji'l 



J- ■" -*H Ji ... L fcl I 



:25-13 Jfai 




/ 



/ 



/in. 



(1) 



^ r, . Mt'j .. i ah 



J*iiJ>V jJ jjjjl _j^Xl| Sj^tf *** M ij^AJjJl I.JJI Jjii ! t-J jl ^Jj J i llfJ SJjS'l 

; ,jLJ _Ui -^.j <-..'•:! Lu-lL; . luu iLLi 
f = 0.0175 # # = 0.01 75 (16.fi m)(0.5 c ) = 0.147 m 
= 14.7 cm 

I = 0.0175(50 mmXO.tT) = 0.44 mm, 
! JjcTI J* y*^lL JutO j> l+^j* JJj! ^ ^"*^ J^W* ■/•*" u' * 






4-liCiii £1 jiJl C_^i jjp- r- >j]l Jiaj 

. J iil] (JJUA ijjtf jjt Lip*l JjiiiJ 
.j- 1 ' 1 ..1 ^ ^J^ ^ J*" ^.J 1 ^ 

p^ jsj H* ij.>LfliJ AjjijL i* I ji 

. JLkJ 




< 



Vk 








iteffll 


JB- 


'IjBPg 


<^r 
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( h^\ ij&ri\ ) o^'j l^WI >iJI 



jjiilljj^^jSjw^l) JLWI 25-6 




:25-ll jLi 







=2G 15 J" 

L^ji^ WJ Jjtifl i**J ^ 
#>- i]l ^j-il^S j jH -i| JlJJj ?>*& 



. ufc*Ji ofjJVl Ji *j— sJi J-J jj g^-jll 6* W* ^y JJJi - ^ J^ 

tfj±% Lj— )>3-j j_** ijt t j>£* ,> oj# lij ^^ 'jjII 1j> y>^ U w(*J 

J»jLJI S-ijf^ 6j Ji oJj Ijj J^ bfi Jl*ti«l* jD 'k}$ 1 v^*- ^j 
jh Lii' ij^S 4+jfl jL^I J,U, &g USj . gWjil j^ J^j jj^ 1 Mg 
, Ifi*^ j^ liS ufi «3& jti\ Ij+Jj . l»3*li Ji^ 1 
. W| J^JI j^l ^ib jijll Jhu ^ i^itl by jl 23-5 pJII ji L1j5j jll 
t^l ; Lii J,l«j . ijAIJ j^H bill jL^I J-W J W_jj ^ twj 
tjjhll (jl Iju» >vj . .r**^' 1 ^ °j# W ^ J'j^ 1 it* j*® *^ l/^' 

■ -LSIjJF Ji jj& \H' $ 25- 1G Jiill ji \*£ * j^ ji ^1 *r '**? 

>n J^l yibj . ^411 JjIJf m jLiffiH JjU* w j^L, j£i| jjII jU iwJ 

j_^ Lu DjLii >bw jjiu ^^ - ^jll jo**" i5.1 J"j" l^ ^^ J^ L ^' 

, ji^l JJJI jIjjUI ^J> iiUL 3 y ^LG 

: 25-1 JjJ*JI 



Adiui! 


^ 


1^'ji^j 


^2,^j 


j$au JJjIjJ 


360 


jjwLji jji 


1.539 


1.705 





4^4 


L J : ^- i ^ 


1.528 


1.675 


1.467 


486 


■ 


I.S23 


1.664 


1463 


589 


1 


LG17 


1.650 


t£H 


656 


^ 


1.514 


1.644 


1.458 



6J 



U & Uh^II ^i Jljl^l ijli » j-^1%^ 1 ^1 &i L^ ^'^Ji ^jll 
JljlSl JJ^ J-i-ll ^ 25-16 J£sJ! ji r ^b W j,^ 1 }' J ^b 






( iijejH ljH&\ } jJ^J ^ Wl J^ 1 



:25-lG jbi 
C j_Jfl j-L i^U i^--> ^_S1 




^JA- 






( GS9nm $* Ij**Ij $/ Wj* 



" La .1 1 <- '■, » jjj; tfc^u jjj^-5 Jaw i*j*JI si* S|t i±>j ■ <*i**d' Wm) Vj>r' 

cvL3 jj»jll JjiJJ fli Uj ■ ^i 1 ^ &JS*— LlJ * il t> jyW ^r^ 1 $ 'W 
L^u*> C ^jJj, jj-J^ll ik-lu iUyi L J^ Jt>*S j^i lif s U^l ^J 
ajuJI oLwj -k *3 8jL i pi+*^ LfliJ 4a^JI W*Jl ^^ Ijli ( Im lyljii 
. UUJl ji-* jj j-*j , . Ljiv 6'^ f«*JJ SjJ^ t#£3 ^ ^-^ ^ tij^ 1 

, ^i j! j.jiii j* jutja_jU* ±>i 4U ji* ^^to- 

L Jjj" 0-*^ t *J 5jj-*il *a*j!I Jl_jtS!L LiijJjl jjLflll s> yj J5 iww 
Uj>y JiLLl &> J1 oti ^Ul j.jjjjll jl*e ^L- f jiiw La^j . ( uj^-'lj 

oWj » 4jIaaj "tJjiill lJLAS! jjfl jjICj . , je^JJtJl >-JJj ^ Ajlid >-*£> yU*^' 
l^JI JijLSl ,>ajJ 6>Sj. ' ^J ^J - t^* £ ■4- 1 ^ ^ iii - J, ' ^ l 






! 



1 1 I 



■w 


1 


1 


1 

600 


1 

71 III 



X(jlLll) 
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( Ajj^jJI aj+>- 1 ) jj^vijJIj jju>L>OI J_aiJl 



, t . Wu ll 4j*il| -aUiJI 

* 25-2 juj^j Jili 

jj* jj-utU U-JL 30" UjIjL J^jljj idaA* j3 irl^fJI ^j 4jij^ ltj> yi yjjjjl 

^i pjjIjJl oULJl J| ^*jJi .11 i'iV f !>fiS mn ^^Ji Jj_Ul oftj 434 na 

, 25-1 J>j*ll 

j ^'ffh'njViiujI 
! Dj«*ijul i**i^l tl^Jl Jj^i jwll Immj 

sin tf; 



fisin ft = win ft ji & = sin _1 



n 



^.jil jpjj i^JL . ain ft = 0.500 j[ i^>j ft = W a ■ u^Wl (ft ^ 

: J[ gjw L* a = 1.675 &li < A* 434 ma 



(j.^in-1 MM =17,37* 
1.67(5 

; ^tuu Lu n = 1.644 $ * A = ftffi WB ^jll J>U1 i#-4j 

a = Ein-i^-=17.7!° 
1.644 

; UjIjas SjjIjj rWj* 1 ^*;^ ^ Cll*^ tX'jW lMJ* ijl* l '^*J 
17.71 -17.37 = 0,34° ■ 



jti*jji JUi 



c pL_J C ^ ) t ( ^j&i ) JJ^JI ( j ) ( jwStH iji (j) * i$$Jlj jJ-iJi ^1 ( j) ■ jjjili j#U' J ) 

l.j^^in' LjJaJ ^jj-JI JjuII uu*i yl . jJ&ifl JjJsj ^JajJl ^oi fJLj 4_>jj«£jI oLiaJI ftft ^ rj£ jl 3 

. J^Um (j«J y*iil siuu]' jl -Ly/II xJyJJ' y^ ^ ^4i lij iyii«* 



jL-n f*iy ^ii . j-tfJI aJ^j ^iyJlj lyy^l O'^A 6 a3Ij-* mj ^>jt j>C kjSjil ..j^j^iill Jrf LbS j^J jl 5 









{ hyx>}\ sj^Hl } jj^iJIj ^UJI J^iJ) 



r 

. »^»Ji bLjjI u^j L$J ij^o _ (jiiinJI ilj - l*k*i\ BjLWl j^5ci Jy£ *j& ft] 7 

. ^yj-i 4jj> JJL>oi 



lp>JU 



: *u*rU iJjUaji oUjjaj 

, uLi&JI O^U ^1 jj ftj*Jl (jjij l*jl: LSjJI ^ 4jj^3 «Jj Ujii *-^J| JM>) ,jl+J Umj yjil j* 4^1 UwJI 

J j'iViII ji* 'i-Jj^j- 3 .•J'j Ljoit Mhjl mj ^5jj iL& jjuI j* SjjwJI Usilllj , 25 cm Ju£ i^Wl 4JUJI ^ J3t 

, Ijlf^U jj 4jxukJl £Jl>Jl jJ sjfy , fL*ji*1lf i&'ft* jrfJl j# |>Jl ijjii Ujii 

( i^jjj^ ) jfcJi j^j ( Lujji ) jWi jfci 
, LlJiJI ^5 cm »> jj51 i>i*U <juj3j| iiJ»EJi L^j ^ jjiJi 

, i_c*JJ JJl^Ji o'JLJI *j i_L(iJj ^£1 ( J4UI 

ililill Jdi ijLfi OjiuaJI sAii , ja*J| jj yj j pm . fcj OjJjii Bjjrf |JJ4-uI *ii*iwiJ 4i4Jij 4-i ji j> < ji ,i..iill a^-ll 'U^hiill 

. 4iu-*j 3_jji£> L.jji J^^vj 
»jj,.-^l| O^J iki^j JjJ^4 iLrJj^ iA*j_J ^a) ^jlf -i*J til J *J^f* ^J* U^ : J"^^' ^JJ** V j^~*. >> l I JjAJrf,; L*JUPJ 
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{ lijiflJ 5j**^ ) gJj&J'j i^UJI J*i)1 






4 LU^'L il£ ijj-J* ) 



Mi 



f 

f 



h 






/f 

. ^l gj£j ; | jj ^ jl^ L+^ ^l i#pll 3j^l ftef to "M ^ 
M = M$ : v^wj bj^ij 4-jjJ : ^J'j 

, y^i j> $ i^ij Jj& p* ^ 7 j^ 1 ^ >* ^J*^ i ^ i? hy^ 1 u^ 

J = 0,0175 /^ 
, c^Jj ^Lu UjGII ^jljJl j* (/' * ^V^ dj^ V 1 >* ft ^ 

/n Li^JJ ijjjJl jjuJsj D lu^i jLi to *j-i]' Hp (M **«** ^ j' *-*»* ^j 5 «j>"» ^ ^"^ 






^Ijll J-«JI jj to^ isM J ^ f ■**? l?H* ' ^ ^ *"■* k" 1 * &^' Wl sU ui ^*i *& J» j* 

. t^yi Ju^i ^jm i$jM Bj,* u* jjj^j . !>yi*Jij 



&. = 1,2a -i 



jjWlljj(j5*jj3Sj-.i)JI«ll 
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_ 



{ i,j*]l \y^\ ) jjjAJlj ^L*]l J*i)l 



, -yu-u i'jj ^lL-iIu j+ijJ .Jul 3 . uil ■' ' ' •'' • -;-^ -" il» jjiJl \l Cwl , Ji ill 

] i_jJliJ| oIj '■ ^t — aL^kJ I 4_l.> _Ji . 4_«ij*lS jj i _h >i .*J jJ*j 'V^ JUxjmI JjlC Aj-jujI Cj+» *l J ^J»il m ji&J 3 

y* 10 cm _j*J jwjjj i 1 Will j>^ ^toj 1 * Us*** fj*«-^ i**^- amijI <! 4>Lu lift (jS ^ ^SJj . ■Lie ^L jbOL^ 
6 cm aw JjL> J* fc-L^j ( Lfi^v , ^' ^i***!' ^***l ►*> ^HJLdJu JL£ k >u , uj£ lIai JiL> i 1 em ajl.iL i_iiJ 

, JjLWI It ^uJjL&j yju*rf1j -jrOj w? jLj*5j*h 10 cm kjaaII yjy* Ujj.uj 1 cm ^Ua I < < . . j,«. i ,\c 
. IsLw Sj^jJI j5 Djj^aJ^ /jSj J Ij] J> tj,t> jj^ yjiJ i-pLJ ( juj**" v^ W^ *A} 'JJ ^-"J*" u ! J yjtJl uJj 4 

. ( 3 jJj JtJJI wlj ) 

, i_L»Ul ^jL^_x*J| iUsJLjLj yjj jA>*tfl s^olf £jrf 4*^i ^i U Lfiji ji£l Jjj i1 fj-^fl ,> l*'j* |_^^j jj^ J^ 5 

, jfL^jJI jJUi jjSl 4Pj»U j£& j4*^fl (JjJl ji Jj^.\ J] Uj IJ4 JJjJ Ju£ 

olj ijj& L U5fj kjjirfjjiyll 1i* Ji HjSjil Sj^jJl yi ^ , J lit Si jLwi**J i>*a>j yj5wjjiv( *ljb ^5Ull ^ 8 

1 ^ i ■ 1* *r ■ I ! 

J* . »LUl Jaw jit ^i£yj iij^Jl oUa i*i iJj*^ t;l J** ■>* ^-^1 bl'j *^k ili ^ J ^ ^J-^' IjiilSI ul y^jS*' 9 

. J5&SI jk oLas jjjyj jjaj y*3 ^J ^jloJ ifJb JljJI 40] V ^>l _jl J£^ 1^*153 1 IflA ^1 jj-Jl j^um . 

v j^*jr^l Ctf 3 ^ j^ £P ^ *±*^\ oljLivl ^ft Lj ? o^u ^j_^jj iJS <wj*Jl t*j^j jUil i*^ La*I ^ U 10 

, 1/60 s ns£j U j£il -jjA-JI ^j*I]I i>j i|i ( 5 mm _ji Ljl^u Ijijli i OJill jiai lS' ^-wJl ^ J& u^ fy H 

^ Q,50ttlffi -l* i^aKll Ji3 y!5 IjJ 4 *MSI fi> u"*J P-A^J^ V*J ^IJ IjH^J 4j_JLj m*S^-ai\ 0*ij*^\ 0*j J* ^ 

, 60 cm La ^j^JI Lftl-iw ; iLLvA? d^Jj jj^JL? jljjSl JL-^} ^ J4*l-J ^tS ^jSli jj^l ^* 3Jjjtj ^1 4;^ ^ 

.-SJ OuJSL j.;.l.- ."Ii ,\plj Cijw ul^'i f jiuu »Ll»! Li J iuIa>1jI alp ujj^ ij'ifl lift ja$J yt U . JUfaMJ 

, L_i.^fLji jixll 111 iIj^ *ji ^ uiLj ylLtii ^Lb 

( *u»o>^ijJi 4-jJjJIj jjjJl ^ 4JUI JUaj diiw t Jj Lwi ) 25-1 ft-oiJ! 
jjjJI L-a; u i j*»| « j.s^iJl JJj l^*i ^1* i;*jJI pHSjfl jaI 16 m Ls ydki ^ 4,0 m l^liJjl 5^ j*J 1 

, LGcm 4jfi^Jl yr JAJU 

Li . (25 cm) ChH^ ^fj^l *-^l J-^ p-^J' uj^i Ijji^ 0.54 mm y*^i Lj5uui ^ ^ 3^ ^jl &1S lij 2 

. r| i /b ^^^1^^ 90 cm ^ v^l f U^'lflj . 90 cm p fi>)\ J^ 1>U, tip yA>J ja^jJI 1)mI\ 3 
i 1 L*aJI ilJii i5j«J-l AuJ' _jft Lj . yjJI i> 2f5 cm av ^k p^t ylj5 4^ r^*^ ^"+^ ^- ,i£ f- 1 ^* 1 ^^ 
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( ^j~wJI ifa*^ ) ij-jjWj ^vwL?Jl JidiJI 



1,6 m <> JJl liUi ^ ^Jfe Ujiflia^j^ JUJi ^ S^Jl jit kjui 1 U iijj (jl jM ^ v^« ^ jM^ 4 

V J-^JJ C J-WtaJ I aLi>S| ijJIUl ^j| i> OjijJ t-l^lJl uJlkJl Lil)LJs±l SjjJl Juujl L . ajU^Jl yi 

■ t>a>-iJ1 6t&" jJ v**^ f_jj j* Li , /— +fiO cm jl L (jai^ Sjltj l _iii' i jji 6 
U£Ji ^J ^ jIjuu o L . x^U *U J^ f- -90 cm JJ f=-120cm p vJW <#Ul iJUtiil U*S ys 7 

f lJLLJi Jj ^i ^1 
LrM jJl *^_i ^_i i AliiL iUuJ _jjl3iI jj_il Ul , fy£|l oL,o*J' fu ()i ii^ oL-JP olj SjHv J*t ^jtfji 8 ■ 

= J-jjuJI 4_UaU! _» L 5 iJjJ! £_* 42 Cm J_aj jf ^oul! Sj-jj* Lj.1£ j£ Juii &£» J ., J .-J! ,u le J-a*JJ 

« jj.LtuJl J^jtuil u ^jj ijujJl iJstUl Ijij JjJbJl /^nj Uha*][ 
ijikJl tyn ,>*>JJI -^ kj/Jl *i***ll iul^j . f £ +3fi cm iijiJl L*iu iijiL jLill JjL > Jlw y*&J5 ^j3j I'* 

V yAkJJj iiJJJ oaaII 4#J$\ U&Jl ^ L* . 60 cm 

25-2 f-rt)! 

U ft!> mm JLaJ> JLp y «£E J I ijuJl k^> Vij . 10 an jjiJI Ljjc ajjiL o.u <ikuu Luis' i r'^ 'j 10 

* iJL^Ji jj> ^i (jjics jl c-j^aL! jjjI Ijl Ij^Lili twJL 3 m aJjIs ^> L*jJlc ,i*jj ^Ji IiLJ,( 
Li . (3 cm x 4 cm L^w- Iju LutSJl Liltlj . fi cm ^i Mi(j Lijj otf Lutf i iLiJl Jl LjjJI ^ liLJl 11 

? A$\ 'jp. Jfi lUyJl aj^j V^ u^ '^ Lfjwj v^-'jJ 1 iiO cm x 8U cm Lj*jk> i>y ^ I^IDI jaj _y« 
_Lc Oj-^j lt^I aj—aJl jli i 20 cm iiLi* ie iii» *jj jy-alJ ] I Jj ilLil J JjjUl! '^lill ■j.'nT ,i,' U^ 12 

? »jjJl fiiJjl yt j . 1,8 cm l+siijjl jjiy J^iJI 
, >JxJI ^t 7 cm iiUij j_U L*iJ< j>^ L* jJ^ j*v fc**J i**)j a^ gj^w aji>lj !Lj£ olj Ij**LS »jis 13 ■ 
ojLJ< J 3^i' J Jjii J* J^i>U L^ ojaJI 4i^ H^v j^l ^^"' ^ (v) 5 i-J*U ■-5j*^ 1 W J* Lt ( I } 

V 3 m jajj u>J 
. 'LjjJI y£ 25 cm jjuj ilji jjii r Ji 25 cm ^ ,1*1 1 Lajju L-ii t ILJj iLii l^Ij Lijiu^ l jT uli i r ,L "-j 14 ■ 
■ ^JTP^ r ^ & ^fo ^ ' a J^ **& f^' ' '>*^' > 4 m Juu> p-**J 5j^» ulajlll JJj 

^>AjyyJl jjj j^-SLf LaJdf i>4_^at JiCig j^^aJ jj^ JsltJl 50 mm [ ifj Lra*Jl i^u ) Lp^ij ^L3 (^L^ ijt; Ifi i 
? bj^jJ! y*ilj ijj^ilii^ ■j'jUl ^iuj«jll >j £jj£j fis 3G mm JJ 'otiil jJi JB Ijls . 1/50 s 

S 25-3 ^1 

¥ j/i-t&U Uji yjSl jJLl Jj-**JJ uL>Jl JUfl^fl VJU jj|l ( I ) . ijoi 4-;^ fl Cm JjJjJJ lAJw LjJP i 'ill* I .'I 16 

V Li^ti iiJi>Ju ^jjjJl .uull y* Li , o ^Ijaj jj!j ji^v ^ i 1 "^" *jj*° 'j^* lLj-lfi ^^ ^ 

lOlaAj ( i ) Jut iJi J-a*J ^jjl jjjiill ji U . 6 Cm JljJl LlJwu D^ Lri* 20 CHI LjjtJ' <Olai jflXi .JJri*; IS 

Ljjjlj s_jii* Lrjj; .iiJLJ J , bjj^J] LjJuaj B.3 mm LfJjt Oyy lSj3 i' 25 cm iLujJO! LpJaii 4jJUs *iu*J 19 ■ 
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I 



( hjfijtf Sj^Tfl ) &jj&i*l\j t^rtWI J»m)1 



l^ljiJI iLufi i* iuLpSl jj^i ^jSb iu*j jJsJl ^ ^JUs UsJ^ 7.0 cm lSjJJI 1*j*j »jj& Lj* J**!* 20 

? L-JUaJI *jl* Jj*> j J I ^jj^JI U . 15 cm j*j *J 
0— * 5 Cm <JL« jJ> utk]| ?uAi iu> 8 tjfjii ijjjjj jjj£ iilj ljj£) oxe wl^iJl *** Sl_j* 0*1 ..i>J^ lil ■ 

f- lA** ^ i^jg ^ Jj,j ( Vj y jjUjJi s^j ^j i^l ( ! ) . UjaJI 

25-4 hJiJI 

ijl jfiW V 9 cm -OjiyJ JjjJl jaJIj 3 urn fljLi* jjjj jju olj lujill i^JJ ^6~.jjiA jJJ/H' ji^ 1 J* U 1$ 

, 18 cm i^iwjjJI y# oUll 
j-ii'l j wuiill y*5u jl» <tJJy*Jl ji H_j^iki| jj^jJf jajJI j* l* . 20 Gjljib IjjjlLi Ujjiw y^jjiyj ^i liaaJ 23 

. 18 cm ,y> j^jjiji <j£ iiLil gij ^jaJI > 2fj cm jm J* ^yi Ul^Jf Sj^-dl $1 jj5»I ! .' 2000 
'j*i»j ^uLj Lhijj i .li^ljuj 13 cm L^J^L Ljjl kjii-ij^ull li^Ji . 900 L *-jjLi*£m ^i ji^l o^ 0' J-'ji 24 

, Lykll Lju*JI L-jwJJ j^jJl juJl a* J . 0:90 cm j^JI 

ua^*j O^ . w 4«^i£« 4.0 Cm (jliijJI LftJuu *^JaP 4ajJj; sjtij-ijiiil jJJ-X^Jt IS Cm i_j ji.vu ivi^i) i, 1 ^ 1 Jib Vjj ~''> 

? «_)j£*jjSiiU ,y^/jJl >4^"y L* ■ 10 Cm ifj^JI 
L*^£j Ly^ wji_w*jij]l <-i ijJ^l^uq , 20cm 4L^ji JiLj 40 ._ij ^j£wj£a1 ■uLjII <Lj*H jjj£ ALu 26 ■ 

? i_jj£_ijjij] Jill juiill j* U (_*) ¥ Lli^tl (w) j ? LlwJl ( j ) fr Jit JjjJl iJl _j4 L . Ifi 

Lijjv Juicj 18 cm L^Jjl L^ji Jijl j*[ ji 6,0 cm ^jjJl Lm* L.it ouu yl ^fiwjjLt «Uj« uJLt *li 27 ■ 
jjs U (y) { ! L^JJI ^Ui Ijj*3 jlji( iJi*JI ^ J ^ v^^ id C ' } - j*^' ^jWI jJid 3.0cm ^j^l 

. LL-iJl ij^ jjjJl jaJI j*ji , »jJl ^ Lpjj-s ciitf U^i£ LlJJl ^1 4, Of) mm 
, 3. (J cm lijj-JI 1*j*j *j^ ^J^j 00 cm jjj#)l Ujuv <jj^i JL* m> 34^* ^»j ^*a)I ij|jJ Ji!b vj-^hjIt *ji^L«j 29 

(■ . _j< .jl'll lis JLm1j.L jilj ^j^jJl j^'"-l jJ Li 

- .' 
w fj-VL^v jLi Ijj L-tji-.j.JjJ I jj-a£j 3-5 i_» 75 em l5jV L»jajj 15 cm UjLd ^^ Li^ ^£Ji *_'jlLuJjJ 30 

V 2,5 cm ^ Ja 1 I L*juu Lite i-J^ 

? .^.j< ,jM! jU^yi tjuii]l *n U . S5 cm S^uutli LbLuJI ^u iiLJis t B La aAJ Luf Lif . ^.j<..m1: .jicLu 31 

; j_iaJI j-j?J vj^-J^ 1 Ijlj> Jwi^; LtjJjfj . I(i m ys jwjljjl ^>1 ^ yjSw^Ll y Sji^JJl L-a*LI ^J^l j*JI 32 

^JJlj jpjVl 6^ iiUl ) V i^aiJI L.j»JI LpjiJ ^Jl Sj^JI ^ 1 cm jfctf ^1 j«iJl -L-, ^b iiUl ^ Ui 

.(3.8xl0^m j* 

? 6 LsjjjiJ dj3 ^Pj 100 cm uSjj^Jl Lflj^v i^J 4^j^ >a»4^ i-j^Si-Jb jjaSj tji ^ U 33 ■ 

^jmJI i**l . 70 ^fi-*M ^jljJi j^jJIj 100 cm *Jj 0^ v^-J^ ^ Srtf^J *^ Lj - 1 - Jl to ^L^ 1 34 ■ 

L 12 LJL**)ll sj^-j^ S^ ^j^i-Jj J"A> (> 600 m ^L* di# ja^j 18 m «U3jl ^ j| Ji£i 6i\ tjtjil 35 

V iSjSUl jjjii)^ ijJAi J^i JLt ,JA\ Jj^ jSJf LyljJl j* 
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■ 



( ijjrfJ a j^All ) tybfy j»\iS\ ^i)\ 



l V i\jl\ bjj L^^ jl\ yji S^ ^> ^ U ( i ) . SO cm ^jJI lu« U^ ilj, >w ^U yjS-^ 36 
j^l ) f ^£_^| Qi jjfl ^ ty& ^j (5.0 cm Jjj|l] Ua^j y£JJ li#j L^ Ujip uJ^I Ijjj (y) 

. ( 3.5 x 10 H m jj*il jJaii 3.S x IQ« m j&\ JJ iJUl 
f-*SJ 4*J>fj djj-s LiiL ^ uijjMjil ,>\ ,> 2.5 mm, Jj W cm ojIjL >j l^J ^sJI ^oc upj&Jj *&** 3? 

i 25 cm V ji^M \&ii\ 4-*Ji ii $S lij ywW( jjy^l ^j aJ^ pi ' . m 

2S-8wtfJ 

■LjjIjj ( jjrfl ) Ik = 689 iini j ( j*— iiu ) Xi - 434 nm U* its <jjf>jj ^jJ^J? [> iJ_ji* tp Lj> J»LJ 39 

. ^ LEW j ^^J^J 1.528 j* otf ^ jLAJI J^ 
j_Li 60 u Ujljii i^jlj, 768 nm j, 656 nm _) 434 nm ^ L^j* JljU Ulilij liww jjwu ,> Li^i i*y> jsLv 40 
JljJ& ^jJI jip 1JJ17 j 1.520 j 1.546 » ; li£l o^UL» ^J jjJI ( $f ^j ^ ^ o^ £* 
■ f**L*jH i*j^-Jl Jilj SjjLjjii ^v*Jl y* (^jSI J5 ^ tSjfjJ 1 J*^l v 1 "-*' ■ *W-H V^y 1 
0)J » j^WU ^U^l 4 — 3-3JI ^ «*JJI iijjL ^jjj oj4iJ Ubij . 25-14 JiiJlj 25-6 yUL iJLli t'u, .jU 41 1 
i y^\ f-Lxi j^jJj Ujj>i ^Jj 3 1 Lsi> ji*: jji D IijIjJI ^i crl^J ^i*jj . ^ ^ji^l ^a D Jl^^l iylj 

. jj-il SjU jl— til JjiLu jLajI ! Drain |j^f Jl^lll Ljlj y-IJ U T^AJj . j^illl pj^liJ l^jlj* j»iill J>|J 

: <JjU1L Jwy jjiiJI jLSJl JjiLc ^i iiuil 



Binf-(A+D m j M )l 



sin (A/ 2) 
■ I . A =580 nm U£* 1.4570 3 A = 440 nm ^jil J^UI L-JL 1 ,4650 ^> t l*) jLAJl J*ki «L 42 1 

. 60 n 4_tfTj ij^ljj ^L^-jil lift (> fjJ- 3 * j*^* [Js ijUaJLrtj liJJX jjJJaJl L»i^* C?* J^ li/^l jlj^^ll 1 'ijjl" 

, 41 AJLJI tt^ij adiojl ,: fUili 
D - A{n - 1) iJjlilL jjuu JSjjKi'Jl <y[j Ji \i$ Ijm>A <u\j *^(jj ll^ iLij ailil ^ U-t^ ty g>#1 43 1 

. c ^ki^i Ja tLJI LpI aj jjlj ujji 

jj *j_iJl lijj ^j^ili s jU jL£I JjUjj 60 s 4^ij iljfj jj*i« o._j Js- 4B U UjIjm <jjIjj ^pj«j Wj> kL* 44 1 
, D l*y^\ »jj* Jl^OI ^jlj {v) j jjMiiH **j>il I4J jjU: j^l IfjljJl ( i ) .i**! . 1.590 

I Jj^l 4^JI JJui jLiilli 4jj!j ( i ) J>ji , 1.45W ^A jirf^l *j-aJU 4^jU jLil JjLuj tJO" IajIjaj j^iiil 

ii^UiJl ^ Jlj^JlH l^jij { j J j J 111 I i^-jJI jJji jLi^H Ljlj (_^j . JliH i^jJI i#,kjLJl Ljlj (lj) 



UJftiiUI 



-j^'j 



'k1 - 



^ 



4^ U jiU 
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( ij^u/1 a>*>^ ) JJ>*Jlj iW*JI J^iH 



j_tOJi ^ V L* JiWl > ( i ) . 'n\f\ if^w* li* 15oii j« J* oL*UL iL-j da* J Hit J y^M 47 ■ 

W 1 ijH^ <Ji V-=M P- 5 ( I ) - *#»*• <— '^ M/* i-J * f ■*^ L ^ ^ 16 ^ W 1 ^ ^^ J** 1 * "J 1 * 51 4S ■ 

{ iii JjjuJI jly ^ySJ jjJl 

\ 360 JjJjlTu »j3 o^jjiu jji ^iMlSJ Lu* jtfOI JAB 

. B Li-i V^ "^-^j W oj** b*£ iAaJ *A* *** t 1B cm *^ Jjt ) y-y vj^l&* p** 1 -* S(1 " 

J ■ - ^ r: |TH iT J -.^\ SaJ fc^ Sj^.^yi U{Ij:»-4;0 cm jj 0.80 cm p L yjlJj ^ l^\ >3 jjti 51 ■■ 
J i^\ ^j*U $jp i*iJI Cfcl J^-& ISj g4l Ut j# V j* U M ■ ^ °^ ****^ ^ ^ ^ 

Lj^il j_^Ls U+^j y> yijg t +32 cm j +100 cm U $1^1 LaLaj fekj O^- 1 * Y^ 1 ■**' ^ 52 ™ 
. ^ Ljjlj ^ jj£i J j « o Jj JjWl uV <> ^ ^ j* 5 ' Oj^ ^^M: ^t j^ i$jHI Jj, Ji ^ **H'iW 

J ,^^1 iijl li| ^fjuj jU. lij o^ Jij ^ 'i- * e^ 1 vj^^' C* 1 WW H' u* ^ ^ 53 " 

v ^i: L? ^J l^jl 3jL^ >3L^ o j ^^^ L>i^ li-* ^ Ji^'j ■ bfj^l j* i }i 1 M$fr& Ijyt J*^ 
Lij^J' L*i« ^ ^ +40 cm ^}l Usj-j *Aji ^^= 4js f J^>>^ J^ 1 ^ *k£*fi ~*&\ J^lj . jiJt* 
.i^ c^j^ ^Ij i4« ^ ^'^J' t#*ll gi* jj> . iA^tJl ^-^^ in 10 cm ^ ^ gijlj -20 cm 
? ■ - j< ■-'■I I B4J JUj^^I j^I ja Ui t oJi* fl *^ V liji^ pi i^i> Bjj-sJl > , ^Li*Jl ^ Uj***Jl 
1.G15 JjUSJl J,^j ■ 430 nm ^jll J^Wl ^ j^'l ^ l^U ^1 ^^ gfijH ^ ^ ^ ^ ^ « 
J.yL iyfjj ^j^'^l M«-jt| £^jyi ^ J^ ^ **>> i^J ■ 68 ° ™ Lf^J 11 J^ 1 ^^ ^' *>^ 
^L^l jcvji . Mf lS^ jjJSlI o-L Wj ^^J ■ E.Ujii l» (> ^*« J^* ^ ^ J* ?r u ^ 
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Ben Rabah 



**liJI t>JI 







jl> . . 0I4U -5— ill ,jl *— Oji iii . . 3_jJl»JI LiiiLui'lj L '^'■■■j j''' 1 ! 4_ljjsjjlj ^L ;jjJl'I h-— ^> cjaL>J Ju f l 

l_j1j»JI ^.ljLJ^ 4jj*jijJlI1 L^jliiil jl 'jjj , ,^ji3'jLM.jj^ i^jLjlH ljj5ij 0' Jl j^' '■" 5jU' oUiSj j*i jj* Aj^^^'l 

. If33^ J ~izLA\S idsj^jil ,jjUil ^i J^Jumj JJuJ LajJp Jjl*j 4JU ; 
^■^..Q KU ^'*ill ■-■I jj-^l ^AiJ "i -^lU J] L-,.Ai [ aOjA*J| JuLvJl Vj'-^ ! lM -^- 1 *J 1 U^ ^Jj^jJI gj iJI 1.b Ifj 

^4^ j^_^ J-3-1 (>j L^ljjiiJI ,>>JI_jaJ! i>4 *3j6 U J*> litt^tii ^ "^j-iv Vyj ijA* lijjL/^ 1 i> r^ 3 ] *•&*) 
; l_*£ j.j:v j *.m j j*u3jn *. *UjA*J1 tljjjill 4uii jlk; ijjjlj ; L^lju-iall] ~j2l\ j^\i\ *J,» . b'j^Jl (JiiJjJl"iipliiLill 

JUj_j , (Jj-Dlj ol*SJl JjLwj >-*— »5p j^j ^ 3jjS --l *-^ I jii *SJl I5wl5^s Ul . ( (j-ifl Icj-i 0+ ^j^ ) *jtf#^ 
i -3 i_i*li.'l 4_uulJb J-bJ u jl J[ IJ_a ljJIj 4j^^* yaSl a> 1*J^*jj -LjUU j^u> J v**t i Jfi oU^aJ' ^ OWw 

4_i*a i J.g 4w9 i-A-j U li*j_ ". LjLJl » ijJi*Jl tUljjii 1j_lJL oJLo- tiJIj "i' -4Jy]Jtul <,ji^w^iJI ^LjJj^JI y' lS -U 

iftjj—Jf jl ijUU 4_Lb3jJ1 j_*I^JI jflj4 Jj LJiUlj ^>jUJ1 j*tjJaJ( pJU LJjjU .y^* 1*11 j* O^* U i-a^j , Ljl-tljj 
^jjl i^Jb jLsyJI jLi" jJj . ^jJ Ljui^Su Lnjihll j^ii* LwjUj iuSjII J-b^JI Uljj iljli y! bb> ylS' jli i ijLiJJ 

^ L^uJl $i ^1 . 4jji*j( rj^'j t ^'^ ^^i >*^ V^ : ui>J*Jl lj_>«JL5 f^j^l i> sj^aJ tys ,y J+«Ji ^ jij^l 
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aj •. 1900 r l_P J^i^y ^1 »WjOI j* Js-jj*Jl ol*ji j* j«s-' 

. LjilijS'i u j* Cj/j L^L-Sll tiiLjJil Chji^i J£ &l Ijj 6b 
. L.L; Lifali. J— =il I Ij— * j) lSj*«» US' li'jJl 13* j^ -""j: 




L 



LJjiSj jL£ j_5 uLf- _•!* >j£ JS y* ^JuWiw LJJls t |>jJjJI ^jti ^LL" U>*»j 
jyii Ju S5^*H iSbUJl -UiiliS « jli- ji jjjji *-i ii» i (.L**i>iJ IjlliL^I i^aJI 

;L_3. jj liLiLuSIII oia ■> tAS jl rj-'.W Cf>*!^ f*^ 1 >*Uj*l ■ £*^-^ J* u-^*-" 
■ f ji*j n SiiLi ^jLjSf .Jp ^jj! "iuS" ^JJi stflii i 6o>^l j* J-v 1 **'j j" 1 

aLkJl t'uLJl iVii S^hvj ^ij^f* 0' ^'1 ' i-jy~»^f J-** j -1 " ^' ^* lS*^ 1 >jj *?J 
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( Ljjj %j>si% tiyz ) jjjpJlj yj*jLJ\ J-«JI 



Ljujjs (>j JJii ^i *£jj| (>-J*Jl tliiLt^ ^n* uV^ ^' ^j cr^ u' 'r*^ ^ 

LjujJIi/jlw^jy 26-1 

. JjH >L^^i VjuIL C'U Jl 

. jjA-L^'! L$*ji Li l*^lj $11* ^c jbjuJl ^IsJjiUl iijLej ; ■iJJt-AjJI JjjliuJb 
fr£t& ji i J*!*^^ jtf jjj i j£*Al > ^' J ^j ■ ^jj^ 1 ^/^ j^ 1 
i,l i U>^ tf>* US i hIUj Jl i±J . U^*>jJ iblifl ^TIjIaJi &• j-^-JL 

, iu .UaJl LpiiiL> 7lllii ^il^ Jl LJjl jj (jjHijj ^>ij 

fy-J&i* jj 1SS7 .U UiIjj jjJl yjU^ 1 i> '*">^ **& Jj^ 1 L^^ 0^ ^ 

,-lJl ; iijLll isj_l ■'■;r J -ti»-a , lli tLuJl *)lu fljL Jj-lj uJjJJJ V^JhA)! ol>jil 



LJt>Af liL**-i J-«^J iJu^ jIjuUI J^v 1H16 pU jxii^l fLi jJj kJJ < y"jUi ) 
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{ 4jjji *Mlw AjIjO ) jjj5*I1j jjjLJl J^siJI 



L 



jiuu y£L- JU^I iUj ij 4jS £j^ j^t Lu*i fji-L^ tliU ^ . liUItllll 

aLfJl _i ti_iJl icj_j u ^hl*_JJ1 dj> L>ijll iij^- oL*J> .j tj-all ifrj-i iJj.liiJ 

JJ&y v ^yjl ii'^ tl^l ^i *jjJl ;> ^ ^jajyj s 6**b*^ jj ir^l *^ J 

L uJj ,*_[aJlj oiJji LtJJ^t i J— *)1 *L*J^ bbU uUi 3i» j t-»jli >iL LjiP 4iliX] 

tj-iJl ,j*L*i jL oU^ jj_JS'I I-i-jJaJ i)ls t LjLj*JJ ^> j+Ul jW UjiP 4JLil 

J* ^b% , LsjJtt lite] ^1 HJjJJJi Jl Ijjju jii!) dill** iiljj oiji ^Bj^iij 

ji Lib jj i j^UiJl <w JJ-WI ^J Wl>l i.u>[ ji y*j)l ji utot "it 

j^jbl ^LJ bjj^il oty_>J! ji j_Le . ty-ilil J-*Ij^ jLp. jlL ^s *^ 
jl*0 1 4il £>*]£** *#*-< ^ ■ P&\ J* J^ j*ljB ji i> j*^ fl ^j5ll 

, jjjUl > J£ ji lf-i j» ')-aJI **jmi ylj i jW 1 j^ 5 L$,r*! Ji J " : ' 1 *" f ^ 

, JjSl Jujiji Lll*j l*l>i tf*i*u«! J** U< 4J£ jjji^Jl 0jl}l 
t^Lcj—Jl ^LJ jj— Jl i> Jul -i*j . j£uM\ jm Jj ^$1 ji_jiJI *li*l Ljjj 

^uu^ dj-kii i^j^l iyfllj iJitu CJu«J 4*^1 oiA jiJj ; ^_jUJ 4f-4i 

, j-*iiJ LuJL SjL-JI l*ji* i_jtjJo jl LjJjI lj| ^«iM-u* 

SiUa Ulk* 4>j^ JydJ Jijjii JLi ii-J til )JJ4j . 'av jJS< pj*iJ 4*dLi 

^» ii^ jjj *s ilji mJum) Lj Jij ■ -iij> ^ _jjjj *j-J JJ ^ 1 t U p-^fJ 

i+itafll ^. t_*J L«k^ iLjt ^j l ^IjJI u^/JI u^J ^j>i ^^ ^^) 
iUw jl jj jLl^IBLuj . jU^^I oUsU» ^^i iuU ^r ^jjj i i^L^I 

jIL*^I[ J»Li* jJ fjJ*^Jl 'JJ tH-^J ■ I* LH^ J 1 ^ *^^ ^^ ^ ^ 
Jusj ,^"^ i#> . . i5j*i* 5jl^ ftiitJ : J* U^ ifljj j^ Ji J 1 ■ pJij-J 1 
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( Lj y M&b ijiw } ujji"J'j ^yjUl JjJJI 






. J-Lu-r^il Liu ^ »j^l'l 

J,_Vii Jl J>\JSi\ oUsLl* ui> i lj_i j SuyJaii 4^*Lill ^lyJ' jj5j '2 

lijL-J *;-<** ^JjIau ji# jj$ <*U y}j |JLi frfi* *J** jjfi U jm+ yiw ! jJlif' 
L»-jj| - LJ^jj , r LkJl <o-4 J-i. ^ j>^l w*Wl u^lji flifaf Ijf { Jl**) 
ij^J ^-JL UjiU *ij-s L£j*Ul ^-i**^l ^ $ j^ - t^ 1 6* "»■«■■. 

,i_jiil cjIj jLwj^I ipliitii «*> i Lf-jj j* i*#W If-'^ 1 i^-^ 1 j£ '2 

, /ill 

^iij LUli L_is ij^J o^ ^LJ *jJ*uJ Lj! Jjii L.jj jLi*^ ^ ^L U 

i ii s ^LiuUI jjL- tfA*j &j£ Jis ^M 1 oL ^ J j^ 01 J J*J f - * ^ 
_*aJI J Lil ^^Hsxjj i i^Ji> j^i iyJii 10 E km/day Itj^ j**Jl jj i+^U 
j! iLi> ^ 4J_^-j jiaOJl ^j ■ 10 ri km/day i is^Jl u4S* Lfi>] ^* 

fij ijl c! J^ u' ^ % i u^' 1 ^ &***•! £#j ; >^ *^ 4r*^ Ui * i 

■ , jlkil ,j*ll iff* U^i 6^*JI 

^ jjJkLUl ILb Ji l^i>%L-y J 'LJ*Jl A^L-u Oj J W s^^' 1 ^S^-*"' 

^p^j , . ^1 s& JJ jJJI jIp js^J^Sl ^kl^ 1-5 i ^Bjmi Ijj*N 
^ jlii ^Lgi jh ysUA^I jS^j^ 3ti '^) . u^>j g^-^i flt»>* 

jjj^ ^jj juv^l f-ii-^u J^- j^lJli ji ( £jMj . %-uJi p^*j* J >^ 

. Lju>-j .j^JwJylj jjO SjjLw (jjjl jJ'UI ^J-^ 1 iJ^Ui L* J-*J * oi^^Ji 

11 



4*^JjI#ij»S*>&ft4*j- 26-2 



. pljiJI y i^jJl hj-i ^ >$ obs^ vv-^J ^^ C»' <i J ^ p** ^ ifri y 
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( ^j4J juiU* 4J^j ) jjj4«Jlj ^jLJI Jjfc'l 



jj jr*j ) <^i l^>j <j ^v J^ > oM ^ &#•* %L-i && 

IJm j< ol_ juL iUjj . (e L > ui' 'Uw JIajj^I *jiaj~«j L L_^ :J . <JL>Jl ela 

j_jj , Jill } y£ ^jj jt-J Ji\l, J«j jLyLj 26-1 JiiJi ^ B ^A gtjk>j' 
if j A jjJ&ukJI <j< jyjjjj' ;>jj . B cJs>*Jl j>j *Jjio]l itJli |^ 4jj^j t«j 

Jjj.1 vL-sAJI iLuJ-.„i iUj— ' j^uiu jLjJaljJ 'jL^J iUjij I ij- r'ni ju Jj-juJL j'.LC 
yl (j^i LjJ 1A1 ijjlj (ji[jji1 rjW fil'l fj^* ■ -^ J! A (> Lfjlj^fc i>j Jy^ 

B— * ► 



:26 1 JLi 

Lj-H^jaji^j^^^U 



+ 



A%& 



tUilliiuiLi sjJ?^ 



-> 



fl^l 



ujj£ dtojui Jj J^jjjj^ J#*j iiS*j 

^JLjju iluijj f j — fl!'i it j J (J* 

yj J Ihd lit jw i^ 1 '^uajl 

J Uj 4iU "Ujjk** uil^A fji Ujl 

i-Jj ■ '— J>U 1 jl UU iiilii (jLjjJJJjII 

f LJjjllj f\j "-^ OI j ^ Mj h H i^ud 

j^j J jjjBj ijlili j- 1 UiJi iiM ) 

R ', j_LJl ■'■'j .-JJ'i-n I .1 . ^Uill 

. JiJJjll iiilj ilil . iijW « * j^J f ijJaJl j 







jS j A *** ) mJ5 ^i'iiJI j^l jji ^^Jl 6iJbtffjU <^i^ ^^3 fijj£ Jj jj^I 

*J5£ li| L jjj>j «Lx^ ^J Z#J\ jj15 ul /ii IjaU . pi* J£J ijJL. 1^ 
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( kj*J pali* 3jMj ) Ojj^wi'j u^Ld! J»diJI 









jlta^ jJ £ j A ^ju>iJU lliflj . Jiiii M JJ B Jl Jjui c l*xfjio <c_^ ^LJI 

^■ ■j' — J I i£jp- LLi U^jUj , <JyiuJl ,> frjJ i3j*jj lZjju\ Lull ji jl^- £* 

2c^m jffil tjJJl LiJ isr* ^! Li&tfi Lf+ji ijl 2c UjlJU u^ dj*5 Lt^jj 

j^J-*ljJ< *^ju> ji OjjaII ■\LJL>Jl .ju ijiilJU LfJ'J iL>i^) 4j»ulUl ojj j£Ji 
^-ill jl i- *. w... ,' .< ijl \ jjl i LUj , C _*J ij^jjU 5i>'j l*jar JLt j_jLa>j-i 

A lw oJ>J J j$£ ji j£« "51 SjLJJ Cs'lj i fej j£ S^tajJI ji *^> ^jJI 
ji£i <jjLJ( «j-r y ^1* L ;j _bI LL1L jLiLill Ij* Jl Lwi; 4;j^*Jl ai» ^Jji-j 

*fi^ y-» jJ^ii 4j=-j^ju jjJii jl i f jSjj 1 vliiiJl <j^iw jl (lU j js jwJlLJj , c ^j 
JJs J-*iyJ ( jJiLill J"ijy| — iVl lii j* £iyt ji i JjiHL juJkwj , C LUil tjrfJI 

: 01 J* gAU jl I j* hr&i jj£) ' ^ J^>J j^ OJjLiVlj 4jjLH jLl^S'I 

. C *}-sJl iij- Jl iii^ J^a> ^i* J*jlj J oUj J^ ^ ^ 3 jSw,| ^ 

M^,* Ojjjiil jJ j_i _ i.Av l l<jkiJ 4*auJI bja jl J^iJl Ij* J Ijltji LiS jiLfj 

^tjjUl 26-3 

jLwjL*. CjuLS Ijl I) J . "jJ UulJ jU&Udyf (JJJrfljH JJ ^j^jjI ji } SjU jdjlil 5* 

j_iE ^ Lluu Jjj-Ib i'i VI CI lli^I J iVii.i;^ jl v iJ . ^ J ILhUl Lr iiu j jUB 

, UjujjkJ i^jLiI i* jjIaJI vwiJl jij jjj»jIjJI j.) gLu( usjujjj U5 *jW*j 
ji-> 4Jlj L*l*j ?jjJsaII jUiiOj jis o&&>5 T^f&i JUi* ijlj i ( ' ) ^"^ J^* r ' 

L;5V>j SjiiiJUl Cmj* JlJj , jU*JI J>^j Oi*r' J^ ^jj*^ oLomj iii*M gjWM 

J k^l ■_* -'^j t "_J £• . alulA- >jjw » | ^'*" ■'_; '*"^,' • '-^ ti-' L 'jJ P ^J-P 4jj*^^ «ii 

jl jiJ^u jLf^ JajJ**^ pjjm. j ^Ki.nj US . jj^lsiil jijjj JJ ijj^jji iiLjul'1 J^jj 

jl ±J*1 UfAi X^ jl* t ( (jij r* DjjLiil Lift^ ) jjlj j^ai tijj jL»j iUw ^ 
J^-jJI j_* y_S jl iji . 'UjjjflJf jjJIjt* y--i^ ''-VJ u>SLo U*j ijJiH Ji^uj ,Jjj 
. c Ldjljjlj ii^^j ja^*jJ' t1—wm j>* j*jljjjj jji . ^i' ifl jl \h>% jl Jj'i *aj_JU 
iifciill ^JjL Jls jJ-il£Jl J] j^ju iyLAfill jlja>5Uj ^J\ jl Jj J] uL^I 
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( bj? pJt\fo y^ )yjiJlj^LJIj^i]l 






:2C-2Jii 

<£l U3J £ jltfl jjj^j ji J Ji J jijVi 







<> 



^ : * a. 1 , jjj -L^ail uiu+ji LjitCj , SjJUUl <J_ali* im jIUjj aJ a^Ij (jiL 1 

jijj ) . ^jUit ^s_i*j ji ijjtiil jt^ 3 J! ^f) 1 -^ y^L*a j^ ^J* 
yijjjl jS' . "1 J dj-J^ij ij^Ul ^LS ^ Lj^JI Jii>J &J ^jJJ ~^b til 

LLt jj_J l^jtfl jl v *f^ l^L-^ 6[ ■ H)? 3 * 1 »W< dj 3 *-# 6* j^ 1 
^Jj . ^jLo* ^ J } W^ Jlj 6WI J! uPi^ j^ u ^ i^ 1 

UjuJI (jM^ SjaJI u^ ^ ***"! ■ J- 9 *' £^ ^.T^ 1 ^J-ajytf 21 *J*" 
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\ .. 



( ^!jf fi*'** *^ ) u.Jj^J jtfjUl JjiJI 



; jj) i JJa^ -ua£ yiJ ^jJl ji *5 !> tiJAwj 
j-k J- 3 .* 3 ^ W jJ'J i#*» JJ i-ltj ^ ^*lji L^i Js cu*, lij iij^S: 

&pip jj ^tlaJl dtJi* IJfJaii i>(^ JljlJ lis ji LJljlLl ^ky^l ^jj 



, 5j jJaA*JJ 

ji iWy ^JUI Cj^-^I a' ( J^l >Ui J i>1jtfl r lj*;if bjWI ^tfl c* 

jJi ^JJli* ^Ij ^^ Jj j jU^J ^Lu ^ j^AtfljJ (j'j*^ Cfc^** lW**>» 
<jjj if iJ_*JI <L_aj1j A iisJI jjj^iljl ill j[j y c< |ji . L w_jiju. L^juiT J 
iJ-aJl -Ljjuj B ^j>*J1 (*,) ^j^ Jjftl j^ljU L_JL siJja^ ^T talj a! ^SJ| 

^JLSfl i^J t^JI j»oSifJ o^jaJI jJ jl jl J^ ii>jj>JI ^ ^Al ll»j A 
ojiLLj ^jij ijj^j, ( B j^y a ) 4^uJi *SiuJi jli fl wjj-u A #l£ jli , &Ly 

tlwi JSii jjjj 55j*oIt cUUI 26-4 



lM yi *J3ilj 4iL ^il 4*LJ Jfuj 



i>* ^LJ^« Lfj J—* LHa _JKit «L ^ jkiki Jill Jitl! ji cvJ' L*jj* fii J| 
J^U ^p VjiUjII pit ^j^i <-ij^j . OsLJi ^Ll ^> Jj*j t>uiJ &Ajpj^ jjJI Jj*1I 

i-AfS ^ji ajUi l+J[ , 26-J jXill jJ 5ij-JI Lfj iLj Jil icLJl jjjjfl 

jJiu-w 4_U4J 4JUJ.J oJa* jJaiJsj ^LJI £jli jJiJl iiljl( Jl ijij^Jl iiuJjl L^jj 

^1 i*j_ ijujl ^li d - 1.5 m ij^j^l Jjb jl£ IJLi , * Sit » u*L; 
3.0 m 




S^ljiii--^ 



= 10 



c 3,0x10' m/s 



JjOj i*U| ti^j Ljj^i ifiL fAkLu i, fUj iiii^ Ji,lj CaiO J J^|| jjyjl 



j_u If I — i J^jLLjjJ 4_j| OJjC ^,j_a- Ci»jj 4JIJ . . V LfcjIjJU Hji^s L^jLl <jj 

Ii4^ J_mj <OkLj jl L&ji>Li : ( _jjjI^Lj ) ^iL^L o J^ c*cj»jIj i+lolJ 
jl h^>.c.._^.i jJi < Uj^i ij_t( JLia yi jjiJi ._i.**<: frjs*-j ^^ j^* >^» 

jkl« >.ft> jl .^jJiLJj . LfJu^U 4> LLvl JUo j*yi jLiJaJ Lpl; ±1^ J* Jl uL 
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( hjy pa'uL, ii% ) jjji-JSj ^jUI >*)l 



: Jl> US" ^jjJi 
■CLpLj j' aJUJ ojj-JI jli ;<d Jj-j.lL- npud JjLjj .Jjiaj J^-jJI <*L ji iijLi> 

« 0^-^ : ' J ' <J -^* iJJ-^jrf jj 4*1— wJ I Hf*J <iu> V 26-1 J£iU LLJ? JwU |jl Jtfl 



:26^Jij 

i jlJ fUui Hrf (> ^ iiu* Jim ji 




r 

: £|i jj; Lib JUJl, ^J( jVVijy-j^'ij) 
*Jui , l J UJ>=2^ I + (^) ! 
LpfU LuLj . lIIjj ijui L 1 UJjL» Wj**/ LjjW j*J J>JI ieL ji 'AvJl P"j 



U^JIjU. Jjt^2^ 2 + (irt w ) a 



26-4 J_£JJ( jJ ^11* Afjll ^ j^all «jiI-o ^jJI ^ijjl gjft. l^UjW Liitj. 

: u& a 1 4^ 



;VLY- 






L=- 



( fa Li jL*^1 Ji UjLjI oil J> Qj ojjjj 



. *jL,'j i»LL J t^t L*ij r#*-« J^ij JiLJI Jju. ,>isO Ji) 
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( Ljjj M4U4 ij>c ) jjji*Jij j^jLH J^wJl 



fuv - 



Ulc 



^Mv 



tef 






HJtfUl iUUl Lflw LS IbJujJI Sj^JI - 










vie 



ji JJ Uyjw Sju-JI jjLj J*Ui* 'i* jl k»!^j m/c jIjaIIj 4j^JI J^bu ^ 
ij.Li n =0,10 C UjuiS -I>j . ! t^\ 4*j>i d* ^LLi Ifl i>j ,> ji' 4£j_Jl *uu 

u JjUw V LilJ Ljjjflj -Uj^jII LJjli*Uj «**+ Jt) . 0.995 tijLu _UL*il lit 

. jLuj^I ji ^yiAiii c&U* i>u £|i ^jj tii**l ( j-iliUf jjJ^ 
:26-5 (JU . 1 51 4jjCU« 0,66 LijU i\-(utcf jtM\ yjL jJjJ . 0.75c £LJ i#j*j 



^ ^^ f* *+® ^ ^ dj^I J*3 jill toll J^> ft, 1.51 ^j^ dj*JI bU $ LijhWl .i* c^ 4 

liui v >_ki lite jm j^ i iiii , i jijSI \ * «V ■*-" ur .y* 

i 

. tjidll wj^j ^jjjjl jjtfki 45 auI i:Ul ^|i jy L5j . ao*lj iai ^jj^L- J* J i*L 5I tij 

1 * . USUI vUl j>i y jiAf 

4^Ul <fU\ Js- ijj-lj ^jiU tjjj i>j J'A> 

jJaiiu cvL5 UjIjI* icj-^ tJl LuJ^ Jj*iF cjJ1£ ^1 LfJiL ^i Jj^l 
Jl ^iLjii lu Jl *£j>1\ fo\ /jLjI'I j^i; jjjjjjj . . 4j#L j) Uv y$\ ,>jJI 

L. j_^ ^J* « JlkL-l » jJ jjjjl y^ i 0-*^^ J i J * i 5 y , '^ jl fl j* ^ i^j 

. ai^xLl! lJjULJJ li-Jb 
,j, ! J Ji , L*Jjiv j!i U^4 £u5jl]l lilJI /tu^- Jf 4*1jjJI <^jjjl si* jJ=uJ 

pj Jja* j^ cjj^-j ji sj^riJI cvl^J iicLJi (jj jjj it J& yv Ja»j *, i>i i j J+_Ji 
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{ itjjj paii} iUsS ) jjji-Jlj yjjLJf J^wJI 



±i* LbLi j_»*JI _i #E— ii'jll i_-i* *i-£ Ji* £] Jj . iil*j lyju^) liliw jktll 

j^jJI (jji^UI La I , LfJ ■iJwjjJ'j Li'L jjaJiLf jj-* L .'* l»[jj L£ c*-^" 1 l^A' *' ,j 
it I— Jli 11a ^j lijli i*j liL j£\ /^jJl jLiki Lj^i jj+cjj jj* ItLji &Ul m** 
J* .jlkfj . L$J iiJL; ji'Uli j^tljJl UIjj US p\*j> JSi ^ajJl jUki dl) U 

. J"J-*will jJ "J I Ju^a^JJ 4.>. i.VU iiiL js5J [jo* iUU 1 ' HxJaiki jjjl yjj!l 

» Lf-iw » j_i J' Sj^ill l ^jUj jiC 4ji J^i*j U i- j^l J^*UJ (j* 5j-lLI iila jI ^ 

i 
2.b X 10" 6 ji— *j ij^u - ^i* - j *jj AaU jJJaj p' > ' 1 ' '!^ . ' J' l . ,1,11 jj£ .uLjj-i*. 

is^tjjj Jl 5jijJI tj-k ju^ JjjJuj i J**ll J U5L. js5j jj^ Ja^ilLl i >- >.. .i .*j 

V i),% C Ujljfta 4Jij««i Ja"]I jf£ jlW Ail y pj^*Jl 'J* Ji* jffl iJja- *S' , Jjil 

i_i »ui , J*ul J jjjjufcill jjajIJJ OwiJ '^ 0.95c L*jlji) lijjj ijjdi Jwwj 

jl ju^ ; Ij-^ra j-^il p_J*J ( f£*J jjJl SjMrf) jjJjJI iUL £)I VjM 1 *$ J 
Jb jji- 5_5j*oll <*UI ^Juju tfill 2,6 x 10 fl s j/Jlj . *jSj> yu*u Csl^ 

■ J*ful IsL ^j^ju Llgp yiill |>J 

L^i UU LLL ,wJl -e = ^xlO' 6 a = 8,3 X 1(P s 

VI (O-SG) 4 

j5LJi «lh^'I ji oljj s±)^j Jjtl bjjJU l^jij -j> yvj JjhUI (kj-oj»Jli jjj Lij 
u jjl! u^jl> L>^Lu j -i->jj *4,««i l5j3-1 VjL>-'j liji vj^"-' °<j^' -^ 

tiU" 7 s u j^ju if j'i iji jjjjJi L>j J^^^jj jjJi iijji U : jj/j 

. !//c = 0.9G6 : iL*)fl 



26-1 Jli- 

UL-fci ydjil j_P JU^y jUI ^jyj^r Li! I _j* i^uiJjl Lu£it»j ^t **J wj>! J p 

ijjLJi *>dlj Li*; ^li 3 x 10 8 m/a ie^ J*lij ^i ji ^i>j « 4-1 * l®*4 
yi JUu IjJj ) , ^jSl Jl J-; ji 4.3 yr. ji 1.37 x W s jjiLJ ^JJl Sj ^ 

? 0.9990 c L^w c^l5 Uj l ^1 oULJb L^ . ^1 JJi Jj ^ LLaj 

j 



' 



( Ljjj ^iLi. «}tf ) jjjiJtj ^jUI >UI 



r^rtla.'n JVJIljI 
V *U$ <^L l&j^ l^-J » «j ^V i^Jlj ; J^ 

jjjiiw iiti . ^1 j^i jj^ Jfcj J i$_ [^ igjft ^[jsLJi l^j . ^y 

! ^' j 1 * yjijjj v 1 *^ ^*j i>j **j^i oi*ui iiH ji J iuaujij>ji 

,_d 2(4.3 light yr.) 

— o>J yr. 



li 1.0 lighl, yr./yr 
i/M0.999J*"- 0.045 



J,* 4#~uJJI JiLmj 



; ijljii lifj Ci~,li ji ?LaiJ| <jaiu oUL jj£1j JlLSj Jji 



(8,6 yr.) (0.045) =0,39 yr. / 

■A 



Jaii 



j|j JJ 'LaiJJ iLL-, j ^_t J^nb|j? '$ {jp> (J i <L>jll ^jjj JiS 8.(3 yr. &^ 
lijiLUt jASLoJI L^jU jltl jijl §j*1M si* eiS»*S jit . v ,,~» u.ys yr, ly* 

A_>jliJl »ij* (jl j-1* pL-e JiLir IjJajI ,^jjJI 1 iLJkfl i-uLj- > Jj-" ; ' h : ^fjoU 

. * Jh>j J£1j L»1j*e j(jjj- j^l^dl jij ova*^ 



JjHf^jjuJjl^UijVI 26-5 



tis' djjj ^j , iLUii Ju?^ jkiu ijL,_i j jiit jj*j ^jji jjj^j s^ vj& 



i-iiLj ^ ^5Lt^1 ojji (jJj . LJ^f 5_>pl i±^rj jJj . itfl— L^J « .1^ * iiL fM 
, J.liaiclc, Phygics Teacher, 9,414, (1371) : Jlall «jlf jj ^jU tj^oU 
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{ HJJ4J f-P^ ^^ ) ijJji*J1j ^jLJL JrfiJI 



I 



r 

jUii* sjuj_JIj J^jJl jj M_S J ^li k iu-iill oUjJl ^Li J^-Jl |> <ui ii>i 
J_>Ij jlJa^l ^J J^-jJI a>1 Lj^ li ^y^N V*^ W^ JS **j» J ^ 

. lj Lajljiij «j«ij Lfihl jjjj J^JI jl ^ijJ If*' u^S*-i ji IjuI rt^lj j^j" 1 ' 

. DjLLJ JjLlg ^Jb I J ■-*'- J^'uj— J jM*M luLaifl liliLJ 4i_lJL £j£L J>jJ 

. iluLJJ L_JL u h jjjljL <*j**f iSj> .J u'j^M i^^'j ;^j"*' i? 1 1$ 
. SjjJi LLsii fi\j jj, fc*lll Jl ^Sl <> J^-jJI *i>j i>i>ii ij'il liw 

x = ttf **5WI Ju*a-.ly . yijVl Ji e Jj*jl >*ji i*> t d* = 4.1 x 1Q 1(I m / 

; nil Jt p^JI ^J J^-jJI <l>_jl S^jVl UUI 4^ jM O^ 1 "— ^ W* 

,2^= 2ti,: /(/ jjV- ^ U»jH ^i/^ 
^ «-Laifl 4i^ Sj_p-jjl1 oUUl y*>j iiJLwM Oj^ J^j" ^Lj> 6l ^! 
fcjvjJI Jl iiUdl ^js* |j' ^-^ f if) • U P f*^ 1 J! J*J^' <> *W' ^J 

»LaAJI ^j JL-^J IlJL £jSL iLi] JjUu ^ ^ ^1 ^jL-LmJI Jl S (jj*JI yk ^ 

iiLju cjjiisi jJ L^_JLil iii*. Jl jl jtffcj <Gli SjyJl ii>jJ iijljj oLjL> 'Ij^jy 

I ' I 'I 

bDjU _jJ Ujl ^>aj i fUifl I^U ^Lj jl* y$i >jil JjitJ lj 1 i-*/^ ^j 



-I J I 



e 



^1 UL-II ,> i-Ll JiL^ ^MjJl OLikit jJ *Ui!l lU-i bU J jl 
: J j^vi di ihl** J fi ^*}il Ii^aJI bja i> Lf^H v l 
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{ l,jy pjiiti ijyj ) jjji*Jlj i^akJI j**iJI 






jUiij ij^Jlj .JjJ( ^ 1LS jii . 5jjwJI olij-Ji ^U J^Jl j. 4il ijj 

<_^ uj_S; jllJ i*LM ^ JjSL ^ siwll Ui . fc*lJl j*; ^jll ^ (-LiiJil ILL 
, f.i Lijljii 4»j-^ 1+iLl jjf! J^-jJl jl djj Lf"l 6j^ ^ l**i' p*% u*j* 
, ojlLyuj £>Uut _» Lj-jJu iJaL-J! jJWi twUil ■tl'iin— .1 >LuJL ji'L J^-jJl 

. "bj^JI ijUil *slj jj |U*JJI Jj g#/4l j* J*jJl il>j (j*^ J^ ^j 
UjLJ iU. L—JL ty&* ji l-fl^ij ; [>j>JI JJ ,>jSl > 4JLJI o' ^ VI 

X - tlj yHjdl JU-3-Lij . y6jft jl P jjr^l ■j'Jf. ^*> ' 4 = 4.1 X 10 1B ffl j* 
; «d ^k ^Jl j*J J*jJI <i>jJ SjJjfy <#Ul *JU-J Jill j*$ ' . ■ ■ >? ' ^ 

iSjJi j*;J! $ i ^Ji oAL jt j^ yjrjti jj sjiu 4juUi ^ju &> i j*i% 

^jit- 'LiiJl iLuLu dj^-^II oUUl y*** ^lUu ofi- 1 tW £*1$L* J ^J 

: Jj^r-uf ^jU 

iLA^I *ii_J 4^V $-> Jli-l Wi* ^ oJ .yil ^LlJJl Jl s J^JI j^ i#> 

4JL_j ^j-^ ±J I j 1^ 1; <1>jJI ji J*j -aJ-Ls ij_jjJl ii*J UjLm *iUU^ 'l_^bj 

■jfcLjjLs _jJ lijl ij>j i 'LiiJl ^U i*L ^k jj^- jjjJl j^^ jl Jj^ LiiiJ; 
: jl j**j ubji\ jl *L*JI iJj* Jk 4*i,^l bU( 

. w^jVi iiLJi ,>» i-^i J-^ ^^ ° i -* Js * Js ^ sU ^' ****- ^^ &J o' 

; ji a»J df UjUj ji ^ jj)U l«JiJl ci* ji lA^^J 
; jli * s j*;J luiJI tlM ^^^,1 !jij . ** - dJv jll ^Jj fit, = vU ji ^ 



( *ijy M*^ ^Nj ) ojjijdlj lwjLJI JrfiiJf 



* #4 



.jj J^jJl bL*- cl^J lil . . fjJlj yij^l Qaj iJLJl $ jji-l ijUy 
. jijTll ^iw jjJ* jfc*j (j>£M L^Jl ^III iflLil ^i jh <ji ^j&j iijUU* oJyiw 
^j-j JJLul jli i iLij <JU* Ufj^ ujjLajJ 4j_JL ^j&m £«£ Ijl Jjj jUiJ! ^kS 

> Vl-(y/e)" ( ^uuJl JjLu 

i /H^W JudljJI yti i U Ljjlib «j_ju Cu-ilI i-$j* ^j US ll*ljj LLt* gi jj 

ijljjb J^U, li^l k> Jj-t jJU JWCI J iLS jJ US d^>ou l ^1 Jjl> 

26-1 ijLiJl j_i ^j^l «k— Ji ^-j^pljji oLiLj |jw j*u yi ji! f vkL*> 
t-Ju j_a Jj_LJ| ^Ljiil JjLuj . (-LiiJl 4La_i Jilj jJLj ^; Lu »& jj| Jjj 
iPj" 6iH ^LJI j'h-^' Luitui , 0.045 4_2i i^jjll _ ijiu rf_ aJILlJ J^Lu 

i\*-> .^-i)j 4 t^*^!I JjJaJI j-j* j_jSy l^Jjk jb ySjil jti <> jjjiJi ojj> ^U; 
; jljiil JJ (^jt-tS^-ii l+JJ> ijli *L4*JI <JyjL J><j ,> ^jUj 

of. - 0,045 d t -- (0.045) (4.3 LV &,) 

= o.iy 4jji*j tiu 

. V = 0.999 f 'uBjljA* 4*juy jj^k'l 12ft ji* jjiiL*! H-^j i^_jil LjLiII tjli'j Jjj 

f^ = a (0.194 uy> <i* ) / (0-999 ^>4 M^-J" 0.39 u- 



jlku lUj -Coiv J>lj tjJL 'Lvl :-At i Jl>Ij jit LfJjL jLc 'Ljj jjlj djjw 
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( -Ujjp u&lu 4jii» ) yjjiuJIj jjJLJI J,dill 






tftfcJIj Ml te h^\ tfiWI 26-6 



E 

\XJt fj-H JjJL^Jjl ydjjj jjp UJ^J ii Jili> ^ J Lul Lug 1 C fj_tJl 4Cj_l 

JJ ilj^» J±*jm 6^ "^ ^1 (T^ i 26-2 uiUI J Lij Li' _ yijjiJI si* y^ 

M |i-— *>■ ^jvj jb UJCy jj^jj y^tfi , it'LUl J-diJl ji Lt^jI Loi . 4i'jjJ] /jj^jj 
; i_l>Ji Ji£ jjJllJf ji ULaxJl jyJl cjjaLa\ Lilt jjJ D jj ajl/jl J j*w jj 



i 1 = UN + at = va+ —t 

m 



,u £7m jIjJlII JL iLjkll plui , -u£*j 1jjL> JjIUj ,;J AiV w>ji Ui£ yLi 

. lJuf. IjJji f r+JU U-JJ^ C -*J iUj-JJ Li>J| ^<y*l| ^j P OjJAJ ^i>J i t JjLjj 
y_j£ yl iiV AJ.jJ^j 4il^Jl j^u ii^Jl yl -.Llilwl JJ 4j yjl.il W I t^Jj^ ^Jjl jjj 



m - 



m ff 



jr 



2 , 2 

I 1 /c 



(36-1) 



<J* »«J)Ji^ c Ifj-Jl jh ihSJI jja] Jiaj ljjJI jjy I (J JL>JJ.I 22 3 JiLiJI &#} 

ylj l//C -4 1 Lklf J I t C yj C iujiil Lli' J j Lit I Luu !> 

m 



m = 



vn 
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( iijy fjJbiia ^DIj ) ^|jA*)(j jjjLJI J**iJl 



■ ■< - ■■ ^ ^ ii^-i^ _ 4 -j-- ■■■■' | ' r 'j' ^ •' 

In- 1 ^jj— J Oi^^* ^^ j *#**> 

LiiL dJij LJLj. £Ljbi ^ ^^ 
, 5 = mt-2 *]jM </ £gULi 4 jJ3 




Usui j^ir ^sh ijyji jjj l • j «*ii Uj* jl J^ el #&*■■* » -M ti*j- 

. iJUaJL pjjjl JJj Jjj>J i L* p* ( fjL-; ) J^ > J**i jjJI aoJl o\ 



£J>jll L51L j L,jJi oljjw JLi* 6& fi U ^1 Si'j> ull? J sj^U CjU 
li Li ^*J L^ij Ui' i -/r^ji/ 2 Jj*j owyJ jjji* (i^*JI *i'j> S-i& ^ 

0-(m-ffifl)(c 2 ) (26-2) 



tf^Ji ulLI 3^,-^ 511 tJjUil JJ * Kc Loin i (26-2) IfjUil ^^^jui^ 






o*ui jiii ului j|jl Jjaj j^Jj p^i i*^ (J* J* iip -"i ^j 
Us5 lilt v-*^ o' *y "iU* ■ r^ 1 ^ ^^ " Lt>J l m ° v2 ^ ^® 






Bl = 



^L^ amo a44) 



: ^ JU (26-2) ^Ul *•» J^^J 
AE *ft^ -ffij* 2 ^ ft c a i ^^ ! -%c 2 -i^ 1 
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( 4jjJJ WJ&lif 4j5L ) gj^p&jjlj ^J Jl JrfliJl 



ill; oil* IjLJ . *-*J] ii*kel jJJJ 53UJ1 jt&j L^jli: J i m„c ! ^Jl ^ 

J'uy JjJJjJ h*»J| jjfw Uj5 iilfl yj s|j>l 3j^ |> jjuul jl i>lj |> jjSI iilU 
sLLJl liQJi ciSLi IjI L.I , (26-2) iM*i| .l-iiJLJ JLk ; « j^ » i**M J 

LJjWI yj~% K j^*^ 5 Jh j-j^ u>-^ |^-~<J , u|-* i ^^ u-» J-*\ (-J! 
Jj| tLJI ii iaiiu iiA yLi l Li '.j JLsJI j* U^j } , lisl£ jiiif KE = "fn,/ 

m^ 2 j mc^ l«o*JI &> J/Jf ^4 SfjpiJI «U» tf J* (£6-2) <JjLJI l>" 

^ (KE = 0] yjSJl *Jl> j^ lyJ>* p*Jl J^ if' l^ j^J ^ ^ hh 

, jiw jJj , ^jjLJl ililS iiUs J* l ^LLi L ^ay m 5 fi 2 . 4^LtII iaUaJ' ^ 

fl_^i Ji ^ J^ J [^ (26-2) UjUjL ii#l ift* &1 *W Ch i#4 

AE = a™ 2 (2641 

, ( i^lilii iS&Lm tfS\ (> ^ £ = mc 2 3_^i J* u^*JS EJm >_<& L Uij i 
i_A*i , AmsAE/c ! mJi jl* LiJ t_j£j I yi^ (26-3) <bUii.yl b±% 
iM i^J M? ttfll ^ i-yLll o^ ji ^ j-Sl yLi t JiU j!j*i c 1 j 
j_.^JI LJlU ^_i Lfju J*bui jJil olj^JOllj , iiUJl j-i 5-ti*5 olj** 

Ju-j3 J Uili U . iJi^il ^3 IjmL oljJJU ji *_4*jJj yl yj j*J?' ^rfjJl ""J 1 
L*-ilj p*-9J 4Jj5J| j,W ^L» 1 Jail lijy li^UUj ijj> JJ# OUWI ji oljji 

jl J^ ^^i i^r J^ J*U1I /.^ JS*t .( Jftrf ) -^^ ^ 

T UjL*! ^ j3 y^*3 ^i l^ Uj i-iij^ 

f lift LfJLjuL-1 J* ^jJlj KE yg Ijki*^]! ii>UJI ^k Jyul J^ : u\y 

yi iu»3 . tyy$y ^SUI ^ %SU> VjI v-*j J iLk : U>)\ 

jj) ^^J . mpC a = S.2 x UT M J = 0.511 MeV oji m* = 9.1 x 10 a: k^ 

(28-2) UjUH JL«j«1 dUbj jj5^L h^ aM^fff\ aj» ^ KE -1 MeV 

, LfJ 45j?JI 49lfa uU 

? (26-2) SJjWI ji i* Jl jiJi J^ : J ; > 
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( Ljjj palb 1&I& ) jjji-Jlj ^jUI >AJ 



jj m 'Li£ U«j ij(j (28 1) LbUll lj-*> ^>*M ^ ^ ^^ '■ M*}" 
: EJ/cjI&il IIjUa ^ J^iv (26-2) iJjUll ,J (26-1) 3JjU1i 



KE = m l) c'< 



Wl-p^/r 1 J 



i JL| U &UI iJjUH UusJwu :SuiJU*Jlj JaJl 



KE 



1= 



n^c 3 Vl-iJ £ /c a 



wJill i*lj jji^l **^J 



) 



1-^r 



I_ _ = _L. = o,H4 



Jj*s oLij^^l $1 jl . o/c = 0.941 jl (« 2 /c 2 ) = 0J86 ii u*J U* ^ 



m = 



m.fj 



Vo.114 



= 2.96 m^ 






isiUjjjSrtl sJ+J Cv^i i*i>iii itj-Ji o^ : tej** 



MJuUJ 1 *ui# j^Uii* ) L^ 109 kcal ^ 100 g ftj* **& ^ ^L^l «W 

1 cal yl L*— iljj c** liije j5j . ( Calory C^ m*-jJ1 aj* 6>*-jj kilo lupLH ^ 

i>Ui Blkll ^ 420 kJ + Ulfifl ill til s ULW Ck 4.18 J ^li ijlyjl .^ 

, XaLL Jj t>lilll 'nh£ J5 JjpO £i ^J ! J[ O'LWlj iiUaJl si* £g ijli 

: yli olkJIj 4JUSJI iJjUi lit : ^ JftU 
<jilWl = A m.c* 

^LiC>3)(10"ni/5 j Am = 0.10kg*JbJliJ* J Jj 

iiUall = 9 x 10« J 

|'L* jJ^ j-i ,> 11 ^^ ^ Llip C*li3 JiU Lj^ LJL5P ^jJ U* ^ 

.. SJU^L^U^GxlQ" 11 ) 
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( Ajj4J ^jfllia 4JlLi } jajJjuJ'j jjjLJI JydiJI 



objjjill : JJl\ *j*)l 



&%J\x&\ 26-7 






- 1868) ^J^j «Li »ijH»i <-*^ *&*$ Mo^ 0*^j (*J*i J J^j 1300 ^U ^ 

*Uu}i\ o-i iuuiH pLjuIVI toAJ iJLSjJl oLljiil cjjUI ij . ( 11-11 ^1 } 
Jpji *• >jj iiJiJj o' j*--*^ i*rt j**^' ^J ^ o^ 1 j* ^ Ul 

*_*!*! ^ e UULJI £m jJjil tSJj'l ^J irt-j. Jljti ji* J^ -i*^ ^ 

jL Lljj* « 1j* Jaij BjljaJI ol^-jJ f| L*jjI « jSji! jjll j j**ll o*J Jill 

^Jil JL,j)I iUljJ fj-i £H> J,L ^ it U^ t oUi*Ul aJJ jJJ jjOj 

JtJ» Ami . li> loji 0& d' ^ ^i^ll ^U>^JI JjjJ |jli : li» Sjf-^ ^1 

t LJ ^jjSj Si* L0UU am IjIja) ^u 
■^ ! A 10"" m 



ijljjJ CiLj^ . J.juljl f-*J* £l*«l 

4000 k i ( l.j-— «i» &* } BIKIO k 



a, 
it j 



k L^l^if^^.J^L^ 1 ^ 




3000 k J i J .^Vii >>i l^U 



40ftrar TiKlnm 

(mill p^jjljjkll 
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( *L? jjji *ja\m i!i% ) L^jjAiJlj ^jUI Jmm)I 










4-u IiJj Liu ^J ,jjl Jsujjj di&> ■. 26-7 Jitaill jj IauJjH OjJjJb 4JLJUJ jii#j 

. jj^Iujj db^ 4*11 iSJOMl tfill j^SJl j* - Ji^l jl* - lift oi . ^>Ji 

y^i\ j_b &j,jL5 iljfciJI tnil£j - **>j _p0 jl* jj-*lll *™j»JI fUJl J-*>j ^ 
0^ J 1 uk**j iLjkil L*jll Jl^Sl jj; 26~G J&J1 ^ 4***jil ^Ld>JJL 
dLJlf jl J-iiH j^jj . Bj***]l ***jil Jljt^ ±* ^ 4^13- olj^j cJtfi Lpi 
jlfl JjjksII ili [jjj . Ijj*^! £_i iJiSf ji» 4jtull Je^-3 i^S JLiifil jJJl 

jLtf! J* Jj-*U tJJ kjftj L &3l JjUlLj . Uj^JI LLw^I ji j^i Jj^i 

pjjJI ^j ^ Ualll Ji iili JLc j*iM 4 pl*J US ( ^iJ^ fU» jljji*! <«* uj 



:2K-1 Jii 
. 19D0 fL-» J^ JJUl J^tVi J^ ^ 
j_JIj* Jt* LJj«^i <biUJ) iUj>J j' 



i 

S 

o 











A 


r\ 


c 


"^ 






Hl^ 


1/ * 


u 




S. 


■ / 


' \J>^ 


\i 


yT 
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{ lij f&l* X% ) jj>Jlj ^jUI j*iJI 



r26-8 JSd 

lUU j-ijiij . T = 1600 k i*>Ji* 
^ji W^h it i^iJ lju^S i. mjiii 

jj—ii y_i UU Jili j i 4l jlaft 4^.h» 

Lr JiiJJ ) J2lj *jj& (^J - J j**tt 
JUL, uliLb J jaj gdj^j ^S ( J*flU 



l 4 ^LWJ^Ah^ 1 *^ 1 




I ? 3 4 5 6 a,uhi 

1 , ... 1 3A/b 1 2/i/u t )t# ^ 0^ A^ V^ ui ft ■**/ fr* {y^ 

4&u jjij ^ Si Usui lSj*! ^i ijij . i«i t nA/o 

tUi^ UL* JLiOLU JLJJI p p*» jU:l Jj Jj-sjJI J*, jjis ^>Ji Atf til 
: j> h U£ tafi L*iis ( 26-6 J^^ ) "^>U\ p^^ 1 

-uJl ^iiLLJi lu£ ^ fitf <5j J] . Cto** «^ r l ji iby* u*> 0# ^ 

l> ^J* JU ultll gi f ^ ^ ^ W $ ^' f'i ' ^^ ^ J 1 **" 

. 1 jjt ji dill ' 

. . Lr -K **j jl*i j* H ^> ■ m ^ ^^ -Jri ^ l& ■ ^ l J 1 -^ 1 
^LkU, l> ^JU kii u>y c,i >i^ JjjiJI ^iJ^ ul > ^ 5 j^ y^J 
wjjj ^jJu j«^ li-i ^u ilpi ^J , ^ lT^' 1 ( ^ ( ) f^ ^^>- 
jjjl ^Lsltj^lj . 100 g ^ o Jrfill Jiffli ib£ jlj i 1 Hz ojlji. ^3 ^^31 

; Jt IjjII Jjjs^I JjjJJl AjJsuw^ 



/j^ _ (6.6x.lO^J.sXls- ! ) = 6 ? x 10 . M 
1 n« " (0.10kg)(a8mr 2 ) 



Til 
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( J Jjjj pjali> ajIIj ) jjjiuiJIj jrfjLtfl J^aiJS 



^LJLS A 1 (Jj ljl> kjJJ JUS I LjJ ^WmJl OUUj(T)l JJJ ftaJuU , 10"' DQ i*j <U^jJ'l 

JJiJj . J**ll ji l*** JjLuJI *jUI oNjIa^Jl liU jS yU ^a oia yl jyij 
jL\] cj'j b}j-m f^ ■** J^^ Ujit 3 LAI I oliLWl otj^M ji*LiJ ^ jukuij 1) 

. ( ijluu jL^I ) ij^i 

p r- 

j_JS u^.Ll» Oj& J[ Jj-aJl ^ ihi -ii ^Li' jis „ \£,ji Liij* dll5lj ^lj IJiftj 

' " "•■ ■ 

i< ,-ajS jjj , Lvlrf ^jS'iH ^ji/l ^ ^ L^ilj g^ J ikj^i ^iUl uaJI pki| 

V dtib >j^ jAifaji *<ixlj1 *Ju5 26-8 



„*■""■■" 



./ 



jBp^J"' 



r s 



■w ^k^ 'Vuj 1 



jj-iii ^lc USb /}li' ^*i, /i ; uiJ.^ c*jU yJu ^i* JjLui J^l L*"Je ajJili 

l^jJl _ yJ-iAL) V°J* f4**i J-J_J ■ oL*jll uu?lj> J jl UJj-J ^U * ,* -a>U ^Ijiu 

jji oL-il^lj j-Ju |j-i ijAbj liJJI ^*aj yj ) 1^7 jiLs ^i yjib JuijS'l J 

**JC?JI IjA J*hj jl 1 *jlv* *»*^ jlc CiRjl IJJ l D^duoJf ii>jJl J\^>i\ 

- --^-H j__ u aJL* iLLv fjJLfl Ijff,) J-A»iJ 4 f^*^ AJjJmU ijji> "Uj^jI J*!-* 

:2G-fi J^ , tJ ^ jj LjUj iiL t ijso dIIhu ij^S'l 6jSJ U^j . Ji^Jl jJ Ui" jhjjIK*; 

ijL_i i .cjliU r jUL p juali aki u Ijjjt 

. 4U ^fi ^Uj^l r^ 6^ L^j opUl j^ *j*Jl JJJ uS v l> ^ r«^l j^ ;W jW ^LJ 

^J 3u>L jSj4J\*L»JI pjrf j t li i j-yjl Jj: j«>5 j*r ^ t^ ! >* ^^ ^* 
^jJLiJl hJUI jjUi oU^J)l cjI ^ jL^jJI jiH »L{Jl Ji cu* i Jl^l 
^4_> Oli i ^jJJ> jpv^aj .11 J -j-AJl jl yJuull ja^ J** - ^*^l >*^ 4^ 

jJ UiijJI L^IjaJI iiWI oij oUj^SJ^JI o' ^^ M^ M-j^ ^> u j>«* 
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i 








( U^i ^J oL>UI fc*jJ ^ l ^Jl oW £ rfl ) <r^ W £ ^ ^ * 










(«n)^jJij»ui 



8 JUI i jUl jVai Jj » ^ **" w J* ^ ' ^ ^ ^ .^ 



-1M7 



L)>^ ^ ^ fri 2«"9 J^ 1 ^ *M 






( ^UjiJ >J*IjU ^J^J ) ujjAjJlj jJjLJl J*-^ 1 



(f-04h 



o.sh 
(I 



! 



_L 2 



^>il Jj—bJi ^U jJk. U jjj h +t tj-JJ ^i JjJJi j#5 ty j^l 
^Li Li^-A »^jJI Ljii" l»4» *M US . ^j i>* >-**& j-^ jJj Jjtl 'i^ 1 >UJjJ ^yi 

iby^ LflJwt |j_aj _»]!( fa j^»4i Jij-Jiil IdbJl luUl cjj» ±»jLpuj . »jU' ^ 

. -fll [p* £- jl\ IjLLI jic attjjlSjtl 
jjLu^ t 26-9 J-iUI jj tlJl SpiJ (jvJi 6-*^ * ^j-*i ^>^ ^j 
Jji> olj 4jy 4jj> <->jj dju^> i <*^il i^y I ^j ±.jll ^Jj Ifli JjjuJI 

jj Liwiii oUjj^])'i *>_J uiis ^ii; ^j t yim jpC iijL/n *iij ^y« ^j* 

al_JJ jjJij j! ^Ji* L^Ua^Jl (> Ijj i*^JI jjaw jj-m ^Ia*1jL 11a fltj . ylll 

j_*i l.ji* ^LJi jj ii^^ ;pij[ y jiii jUi j**^ i- * i-ij^Ji isjiijjjsr^i 

Ljj^ LJjJl oUjjjfil^l ppl ^ ^iJ! lM 1 0^ W Af*j t 'ji-" jUi' 
, Ult IjijJl iLj^^ jiSl *^> O^ CjU y^s J JiJJl ii*J ^^j . Va 

L*jj«j ^JJ;>- iiai^ i li*^* J^3 JjtLjdl Vfl l >4^ ^^ ^*+« **£" ^ ti^J 

^ji IjJUp (KEW Uji; ^-^J ^11 A Lui J i JJJ Jl Oil . ^-11 Ji^JL 

; 3JLJI BJ* ^J ; A = fttt + 6 utLjl JaiJl UjIm j^j . fo ^^1 j^-^J J^Jt 

(KEU-4-B (36-4) 



4 -B 



. b Jjso -j0 ^JmII *>jfJI S^?.f >'"> A J-^J * l^ lft lU*^ >i 
Lib ^ ( ^1 Ji>JI J^ JWi*j A Ui * J j>J wU ^* B LiijLUl O^j 
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( Vjjj fj»Lu "4% ) jj>Jlj o-jLJI JjuJI 



j jjl ij^ill oi ? jj^ ^^ JjJ» ^J Ji fifjF ^J* j^ 6i*i ^ 1 
d^ lSjJs SJ jji q* ^jpli Jiiu JUi^ oJ i fe o* 5M* J 5 ' A j^y 1 # 

. ilij J«3 1 Ai j* D^B J>^l ilk J*** ji ' *"*& *%i*PJI 

fyj&l Jj* *>ij3 y US jj^ »4*e ^ ^ li| * j^ ! J* ^ J4^ 

ji^_ji oLiUi j^> ^ j&L duJj . auwi ^u »y«*ii «* ch^I ^ 

p^ jib LjiJI *!ji*U Jb a&jJ «Si ^j^l y &££*] /» ^ ■ ^Wi 
...u. ., 3^1 6 tf iji *ji > . gfblif oil> J-* u 1 ***<*•* ^ **« ^ 

ji , ^ jjl^ oiwu ^ $j ^ w * ***** "^ ^ " [J ^ r^ SUji 

^ fa ^Ul JLl*i O^ A/b L>jUiU ^Uij Jii jk JJLUL Ji^ *! ^ d 

^ LJ ^>l' ^ j! o^j BfiV* J** 3 - *55U» 6i* * i* jWfc ^ ij ^ 

OLJ t JJj J_*L j[ O^j . »Uii j^il olslt o^ &J» JJij . i^*^ 11 O^ 1 * 

Jj-Jt . ofcjjjj j*J j*H «3iyi f j> 6* *LL o- ^ «jJJI *»> A J ^^ 

; ^1 ly^ ^UJ( i-*jS j*Uiil ^j li&j 
. ilijjjUl > ^ <> ( /"= c/A J^ij > A ^jil JjJdi ji *jJI S*> uj^ 

^1 U^j , oLLj^lj oljW< ^y-> u^yJl SSlt LJj: JiS Wi 6y lij-j 
, ^^1 /*l jl* i^li ^^ C«^^ j^j* ^ 

UjSJl 3JUJI u_*_n5i o^i afc jj£ U^ . U IjU, ^1 ^ ^y Wl* 
^jj| U*JJi u*^ ^i ^^ oU^^li aj* i wUI ^ ^j<^J Ojr^l ^^ 

^jjjjj f lkij! L^jij ) . jliil Jfi ^LJI *_^JI ^ ^LS' Ut* ^! iil ^ 
43W1 pi iUj Jji ^ ^ ^j . { 1> jj^ J^ ^*i!l ^ J ** [ S i>iP^ 
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( lijy fjttt* titi ) ojjiJIj ^jUI j*JI 









26-1 JjJ^Ji 







6jLLi41 jljll >juJ jijall jJjrfjj^SJl ^jll JjUlj JiiJI 4JIj 



5jQI 



LJJUJ 



feV) 
2.10 

2.14 
2.30 
4.28 
4.55 
4,65 
5.10 

fl.es 



tAlfillj 


jjil\ ^l J>UI 


10 10 J 


nm 


iJjJi.ll ukli 


ass 


5&2 


|^l 


3.42 


581 


^ 


sab 


541 


JW 


&&§ 


290 


^> '"'^ ij* 


7.23 


273 


jhuJaJl jij 


7.44 


267 


^iJljjj 


8. IS 


244 


j^-*y i dj* 


9.04 


220 


j*-^" Ji* 






fcc 



jwU ^Vl juJi = ^ - ^ = ft/s 



LjjJ jSj ^u "wU JWJI 4JIj Lf *-y $ £$ J*^U ^1 J>JI li* JS« 
jjJ tJ -JI J L»^ . of>BII iM JJ*J i^Lill 3JU L^i 26-1 JjWI yi 

^iLJI bi ftjjXity j^*J jl ' (^ JiiJUlJ J^ J>* ftc/A oyjM ^ lM 



<£■».» w-¥-* 



(26-5) 



W &|> 1&4 , will jjtti |>I JjJ D4iJ* ^UjL*J ^^ l^ (26-5) <JjWI jJ 
ijU« oJi i^j , (26-4) ILU1 jj CKEW V^ j-» 0MJ UjWi ^ 
. he ty_£s fil ^ ®6-4) U>UI jJ A £jl (26-4) iJjUIS ^ (26-SJ ^JjWI 

yS\ juS'ufj Ac J^Li jj A cvUll oj jJ! UJil &f J[ u>jl&l\ j^j 
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i 



{ ^jJJ M&1« 4j^ ) jjjiaJlj i>jjLJI Jj»iH 



y B c^lSl) LUI i^ IpljU* jj*sf Li # Jiifl Uh ijs (26-5) UjU 

j_ij i fee/ As <aSIL jjiLi i A) jjj-ll J-iil «Jya ijjJI ijiyJU . hell Lpi 
. «_j5jA ^LJj^I jMLl ^k jL£JL. jjli ^^Jl II* JJ,j „ ^ Jiili ijlj ^L 
^JJii jj&i Lu jjtf I oil* l+>jJJ Af ,j* _^i ^■jj Jljtl 1+J j^JI aUuyJl y 

* 1240 nm ^*Ul djJs ^S'l cuaJ fLil lu}» ^i jjJji iiLt ^J j 

. jiiwJVj^l 

= 1.602xl0" ls J= 1.0(1 eV 

1 eV = L602 x 10 1!5 J J^l J*l~ JUuL L^ dy> 
12-10 nm ^>jl! ^ £l*itf Aijill oUj5ja)I gj : L^wll tj* /JS i^M uy 
ULL ^£u 1240/4 nm t 511, . ^I ^ ^1 tjjJIj 1 eV l#j3lt;,j& 

■ . 4x leV 4jUjjjJ 



26-5 v^fjtjj JIju 

L^-fjk ( ^jIj ) LSL'i obf^ ( i ) : luSl lillWI j> Ji J ^jJjiJI o h l *>J 
i^> j^ij l*£l (_>) f A = 550 nm *J ^i ^ (y) { ■ JU 100 m ^1 

. a = 0,200m 

: J **J 26-4 4j l7 >j^ Jll JliU **# .IjjkL-L : jiLiM Jlfju-I 

| l24flx1{Hm x i. V =1.24xlQ'^V 

1 ; 100 m 

s ■ ' 5r>o nm 

1240 j eV _ 62()0 y 

{ '> 0.200 nm 

^>J L^S Lii s 2.0 mW ^ U = (j^a nm) jjJ itj*J i^U^ 3y*J1 : i^(J 
- 1(111 - 



( ijjji fJJ>bu 4jHj ) ujjSwIlj i^jUOI >iJ! 



L 4_ls^ yu JJI oljyyJl jjx U . iuliil ji *Hj v il> 2.0 mJ bJaiu «U? 



26-3 Jli* 

jlj/jIi j+-» gtji £**• A- j^ 1 W$ nm u*^ 1 ^ ^^H** Ljji * 

Jj± JjJti _ja L.j * will *irfJ Jiill iJb ^ U . 0.44 V j* ^yJI oUj^JW 
U\k i&StfBfl jJ_Si JGy)' fjUJl •■ Wl ■**!! J* W J^l J**j , Vjlill 

gjjjiti oli J^j . c^\ '$&} ^ oU> jfl j $ [jiiil lib : 3&?i 
; 36-5 thUl 4m£| U li*j . jjjtfM KE **J* ^ Ji *-" Ujl 

? CSJ^! cl>| ^ i/*r J ^ #' ^ JJ ^ ti^ 1 M" ^ L- Jl>o 

(6j3xH)- ^ J.5K3KIQ" hi/3) ; 1S ;, I0 -n> CM Q^v ? 
= &27xlO- ,B J«2.05eV 



■ p ^ 



= (6. 63X10- 8 * J.HK3xlQ> m/fl) a 60g nm 



jj^^l ^ SjIII £ M?«1 26-1 Jj^-'l J" U^j Ijfo 
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( ^jji ftfb\u <j!Hi ) ujjiiaJlj jAiLJI J^jJt 






ijjjill d>3 4*rf ; j^jS jji 26-9 



i 1 & to 



: J*iUi :K i' 



f 



i.i;_jlj.^I H_T^v=mJl 



A t, 

(U-0.7lam) %/ 



ii^fcill [ I J 





12 &-ynJM 
(10- "in l 

j ji .1 L-" * | ...: j -, 1 1 . ^ .It j |_j \ 

(0-135*) 

U*-S] i-juil Jjlku U& . £)£*£ jji 

00 * ( ij*J »lt yi « a . 0,071 om ) 

jJ-J> ^j— i>Jl Jj — Jail u^ 1+i Ulii) 



j^L^ll jUjjJI 1923 jLp jj-ijj-i .j.I *j5 j5j . llul ^j 3*il Jj jujiJl i«Ju 
^ JJl *J-i*j 4-)_y* ***■> ^"^ ^ ^ "3 JJ^ ■ "ty Jj a jmS| <jirfl fayji :^j J* 

. ,, i i i ii ' 

jl^jLkjy ,jv-£\ <U*ll |> jj*jj jlS l cJlji*Jl j* 'ir-y "- JLLi' It yjfj 4iil ^ 

j jji ^jb ^ ^1 ^ ^ yi jy^i jtsj 4 ( ae-ia jiifi ) Mi db ^ 

Lil ii til J* j^ili ")l (jjjl ■Lufrjll JljtTll <> tjjJl ^iJj jjj-ju (^4jj . iJbiJU'l 
iijjJl oLiio Jj^j iJJLJt lij*JI ji j^Ji j*^ 1 JU«^ : J^i ***ll J* 

JLrfl oL>^ J SjjlkUl gfuSj Uwl (jjSj djjjj . jj»-jll JjtJlj JJj3ll jdJ 4. 

yJ JLi* t Sjjlfeiil jtij <vjl 6* ^j>J' aJ* J! oLs)V : J^ jj Uii 'o5j 
J JJlj . MJi J Jsi ^jil U«b (jiJl fjJl _j-*^ s jjjLkltl ^Jfj iiuii £« JW 
LL^k iuuiSl Ubjis ^LiCO jjjl & 4_,yljjl jie jijJ^j WJT(I fi^J jeJjJI ^1 

ijl j J , ,j*i— 5J t_Ji.i^ *j-*fll r ]Vj1I jIjJvj,jjL ix^'il dJA j^>J j,u^1j H^ pj 
L^A>i ,jJ Jiil li J S " J ; J !J-> ^lc Ji' l LLljj I >j_ij Liji j'jjJ tluj 6^ 

iLL dj^J 4_u^j 4-^j-* ^^ l>j-^ '',; v : ■ ^iJ!^»J( o'^.j kijLjjpJji . ^j 
U*^ o-ii^l J_i.|j uij^^ ijj '&& ul AP-J ■ u^>*>J u^ - yJD^) ; 
LiiiA >j» ■; ^S . LLl _ Jij^uj k 'ij jJtiJ^I l 'jIj . u-i'J oJ'- gpji "uLU "uJ'^ 

|j-£ jJ— AAjJl OJLji jLm9JJ jl . ijjJSl'il M j4Jiil' ijLuXi JjLfcJ Ujjl lj[ . L'i>U 

^1 lIu^ fl) ; .\yy}\ Jijk yLuJuu _ M*i _ LjjjJ «^«l ill , jwiflJl h1Jj*j iLuS 
^Ji L^iLJ4jyJ-l lljULL a-mji^ (2) l r ^* Lp£j- jl Ju% t Uj^ Jl*l ktiLi^yJ 

V Lji j k -vi frS}, i j J JJ L lJL /j b mc ujS£j *j i mv jj»« J^^'i u»H 

^jS-J| 4_Q5 ./ ga.jli ^,1 _ -Jjjfl ^ _ jukLvj . j J jiJ' UjU gjjcKa **J uLUj 
La jfjij -i* — j il il' J JiL.; ju^l jl niu>J ? 'jiu? J^Sj j)j Jj2 jjliui) 



. L 



m = 



>"p 



fflQ _ «fl 



ji-ivh) 1 vn ° 
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{ "Lijjj ki&Liu <ji*u ) ujjA*l1j jjjUl J«|8*J! 



j*i - J*: L^ _ Hjj t -J ^L+i II iiUj ^IuSjL* jjijill iul^}Ul iJ£ul flit 

ji j_SJui LL^ jrfil 11a dU I44 I i[i , Wo = jl &j] ^Gutaj (ji tfij , pi*-* 

LVm,m„, = (W - mflj £ s - mr* = — 

A 

; mr jljiiil <jl£ . jujiUI J_pJ iiiiJ l^w* 1 J- 1 ^ u 1 * ?}" "' ' ^"^' a ^ u*J 

: 5I£i = £-A (26 6) 



^jijill JyJ ijiS =p: 



JJtC : 



O^jil j^jlf JjJJl 6* w^* ^' *J^ L># ! V* J&M ^A ***' J^> 






© — 






(26-7) 



4 







^l U1 Uji* j-j5 ^H ^jljJi j» * ix^ ujS-Ji *^ ' j* m 

jpJi ^J jjil J *j*%u . ( 26-13 j£All ) UJUi i}*JJ 4^1* IjMl 

jM J /i/m,c jliili Ui . u^| *-*ii Lf, jjto yifl 4jjlj]i ^ki«fl ^ ^1 

. fl- 180" ^ 2ft/m«c J! ^= 0* ii* jj iA AV ^jt^uj . 2,43 x ffi" 12 m 
*** \j$5 M jpdj (ijUfl <#ij*d\ ^ « liU 3I& (26-7) 9dUll j' ^-j JJJj 

, (26-7) UjUJ ^ 26- 12 J1SJI ^ SjjI^I ^^Ui ^i ^i : ^j*; 



^i^ji 



■ 


^1 l^bo* : dJiJJ! ^1 


:2^ 13 JW. 

ijALJ ^ U LliJ^ Qjijill fllnSf 
Jj ujI vi j yiiiS JJ^ m=4 j>">i 


J^jJ^yiJiiJI 2M0 



iU^JI J^L <J ji US . j>^Ij JWfill olj^U jA d*^ i^ r ^iU> 
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( kjj* fifl>\** *J^ ),ujj^*"j jjJLJI J^iJI 



■ i 

Sjj Jj_^ jj^ jJjJ L^l ^ljJmJI i illS <_*ijtfl jj 4jjj L* ^j ,>» O^j 
jj^j ^ijJ a*i jjjj_: ali. i v; 4j! 1923 |tb; Jjjj ^j JUjSI jjb . j^-jjj^Jl 

djfc jLi JJjJj ( 26-6 UiUJi ) /t/c vJ *_ Uyij L£» ^1 il^ ^S j] 



J J^ u^J| ^ ^j l^Jft] I jj 

jl J— 111 jJl ) ? Uj«Jl yjLj Jij^ 




j.' j*?jjj* Aij , oif-r ; J;;* HjIajj ^j*J Lai lift tJ i_l>LuI ->jJl JjUl 



Jwd^jUJjUi^Hr 



(26 a) 



(j_» i_*j> j,jLki jJ ul3>« Uli jJJ . 1927 sU jJ>>. -*.J J uj^'j r.gi 

LL ; 26-14 JXiJf j^vj . ( JJLiifl ) i^jli i^ J* L^.jLj 4ifi iiL^I 

o'Jj|jJi£J"jll jl "OyjuJ' iJ+J <a!jI1( jrf "^>yU_Jl w^lij , -LsjjJl If^U JaLw Uiif 
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( ijjjj |UAlw 4jHj ) uj/wJlj ^jLJ J*^ 1 



. ill J J^**J 

. jj^ jj ji^S' Lkj; ^ J* *^j< ^ A &W J! ^ ^ r^ r 

iijiJI j$Ju> &h uMI ^L»LJ[ ^ Lis ^i >ij^i j*ijfc ^ ^ j*-^ 

J Lj ji'JJL; ^J*j peli" fjJ tSJ J>J*U jjt3_^ jjJ i$tj3 j^lj SjjWI J>IJ 

ikJjj ^1 Lwi ;^t* L;^ Liuij ii £*>f.Jj ^lj *jj* >0 Js^)**" 
jjJlj ^ l*ii .bi^L, cjijjJ^JI fJL*J LX1 41 j j>l£j s 1913 il* ^jIj^JI 
. DNA fa JJ* pjJUII oUij^Jlj ciljjyi ^ ^j« j» u^ 1 41 tfal 
^jtfl jj^-**ll *-SjW J_£-sJI ^luf lM iLki j^-Sj l*i' j>^»J ^ OyLJj 

Vj i A yt, j^yi JpJI iLSj : d y* Lj 9jJj *L^S-i c* SO oft IJ! 
7ttA^2dsinft» m = l,2,S t 

i ( jW\ ) cm^ kjji-j 3*iwi **>Ji c* W ^ <JUJI d> ^j ± 



. L^SJ j^i jrU ^l U JdUl ^ j*>tl JjU! aji Uwi iii j^ 

. ^l^j^fill JJJi ^ ^ U4l ftbi J ^ 



<j^ 



JuW. 



:Zfi-l4 Jii wBoM*l 



VI* 






I I 



* — — 



?"1 



J^li/> 



2 

^ = mv = VsVme 

< 
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C *k;ji p^U* iJiti ) oj^wdij l^jLJI j-diJi 



JJu IjJjU oLujaIIj oljiilj CrjjJjjJlj oLj ^ulll ^1 „-ii\ . j,:' 1 -! ' jij*y 

Ij-J^J? ci L>j t5 ti^Aw i L« j^> jju lsj>ill crUjM^J! fob jUioU ^ij^jLii 
LjiSULfj , Jnl\ *j_i^Ji iif$ iL^_jA/i j lk% iulJy /t i^i ; hip ,»yi 
oUi»*JJ JjJ j> di>1U wJ «J 4_jLJ1 I JH ul J vW 1 26-7 j***^ 1 ^ ji 

, ( SaAll ] AjJjijjiU 1 

26-6 j^ajjj Jlit 
JJJl y L* , 5 x 10 7 m/s J] uj/JLLJl *y*i J»Ij W jju^Hf ' &J" J"** 

V . 'ii^*ii\ olj^jb y* \j4j\ij Ijj 1 u|jli^l lifJ l_l>La1I Jjjj JjJ Jijil 

jJ jiUill jj Oi a.jlifcAl ^.^LJI ^jll JjJJlj . A a 0.145 * 10~ W m 

^L^L J=ujjjJ jjj_j |^j oL*^ ijl JJ ?jLi"jli llf^ l _w "ij ) ^i f**' ^ju 

LjaJuUJlL ' fl ' ' "*" '■ » i| llH'inflijJ^ JJ'i_> ^J - ~ I ill .1 b^l I'll I I I 1 V J 1 . L-.j ll? l'ia* I ] J f 1 1 

JJG-7 j*&iy Jljfl 

{ u = 200 m/g j 0,1 g=m LpLi' ) LjLs. culli lii i±u»j jS Jill Jj#»Ji JwJ J^ 

. 0,20 cm Lfjy i>^ j^ 

n_A_ 6.63 XlQ- 34 nyiD- B m 

jl J--*jjUI J^r* LljUi A CvU I if SjJ-J^ r— i,/v J>ljiJlj JjiiJl jjfj^ jl *l*ij 

. J I- j- J->iju.'l ^jlji ijl t--^— 'I -uI^j -jJU JJji t ( 24 8 uaJI .o-Ij } itUiJI 

, ( 24-i) iJjIjtll ) jit i±3^ jjJI jjpJJ JjS'I 4*)lj 
hJ lL wnJLh 



>. Jil'i'i ■*■;•*■ jiLjf jj L^Jl J u^Jl Llj'i ,'}&j-i ■ |J j^l t ,'juui 

- 1017 - 






l 









( AjjJJ iJJlUu 4J}Li ) LjjjiWIj jJjLJI Jrftftfl 



ii^jn ji*yi r^j f-^- L,; ^ it* ^j* ^l <^ ^j*)! 1 L>* j«J ft£i** i> ,y 

. ijj^-jjji'Lil i^ijUj_l>JI Ss'^jJ L_uJL 3J»i>1j j4* ^jil Jj_* J J j*'jJ» ijLs 

U^dJl UullSjII Jjlfc ^ 3^11 byltiill 26-11 



LSj* j^J L^wJ^ ojrik> *$$ J! cjlfw+JJ i*jll y'j* 11 U^S) jjI 

Liil j_* <Uj*> JilJiJajJ { i ) 2ft-1 5 J£JI Liy_ . otijJjiN (Jaw v*JJ ^m* 
tyiJ ^jJikJl ^juLii (y) 26-15 JiJJI U 6 fj^ 1 iH ^4* ,> i W ^< 

LicjisL-,! IJLi j*j_j tfj oL*^i L-Jb L+jLIU J^Ji Jj— *-j JI ciUj^^j 



130-15 J&£ 




fu) (1) 

4j _^.L* ^ «jU i*j* o' jl ■ 26-16 J£AU ^ o^ 1 i^ wl 6^1 j^*- 
J_Sill jji ^^j jj» L»S" ij5o- Jjyi £)U ^^.1 JjlaJI j* IjjiS ^jl i} 11 *^ 
JLiii ji U-ij jij ■ Cii^*^ 1 Jf>*J uIj^- u^ jfi ^* ( ' ) 26 " 16 
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( fejji p&\M titi ) tyjiJIj ^hjUI >iJI 



j_sa ^ Jj_> y-L^li UJi>. Jj ^j% . oUi^u LSi-nui iS^uyLy 



I 

■ 



i ij villi jLwl ji-t'l ,jj .wl 



26 16 JfeS 



, AjjjJt ,j)J Li Ljj ■"■ l - | ; -> 'J*)\jui Ju* JaO *a kj3^11 li* iJjjiJ-> Jlil*! j| 

Lyi# jjj^j k=j|ji)l J*! j oUjyirtl JjL - ^L> J£i _ L*jll jaI^J* jj-Jj 
JJi m* I* Jfc ^L^fj L*j11 l£pl&*ll i *^54£ll l&l&lj J^ i 

DjUa vilAJwji AiJ . oLpd-VU i^**il o^lj— >Jl J— aJ HjUj wj JI j^-j^ 

ui (y) , »ia gl^: ^ J i^ ^^ L ^r^ Lj[ ^"V J*? p* 1 ^^ ^J ■ lj * ^ J r b J ^' 

jJljlS ^-J UB ^j^ y* A u>3 ^ ^fll ^l^ g| jli)l J^iJl ^ j^j , .^j L^jJI JljtfAJ ^1L li^i 

i^U\ oVUIl : Jj^ & ol*^ ^ ^jJI 26-12 

-Lu^Sl ol_*y ! j jL*-^! ^ iJ*3 J' ^13 Ji* ^iiJI oL*^l UjLL U» 
i^|j UjSl JJvj ( oU-jil ljjJjJ 3jtfAl! S)**^ liiiSSI jiJ t ij^^I ><J 
djjju- ij^jyijJaj— u (jjjrf LjJLuj ^1 ^uLrj . jjjj J J c*L*ji i4-U!L I-*: 1 



Ljjil j±Jj ^*t : Jj^ [ ^1 
«_> US' jULu Lfclijt* ^ UJjL u,b0 ^j^jJl Jj-b m i&S U^*» JjjI ^1 jjW 
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( 4jjjp fcf*li* tti^j ) jjjAaIIj j^jUJI J^MJi 






il w-*»Ji J olo>j , ijUri* &JL> o^j" ij* Ji* J* <^".i > J^ 1 :* *^ 

hj[_»m i^Lu ^1 j£jJ ) . bfijOt (jlliii Lffjjt jl j^ i Vj^ll' JjjU* j^JoLjij 
lilAj . ( ^^aJI ^ j->jj ^ ^L^l tf'Uil! jtf Js Ultf ^i ^ Jjj, lJj 

, ( - I 4i ^jii ^u ii'l_J( /}l ji'iJ } LJWl "U^iJI Jljkl'l 

1-Ji, 1-2(1*,) 1,3(11,) ... 

; Lj-iii ijsi- L lu^J BjiJLil AJL>JI j^ I *U Jiwi.i jl 

A fl =^ ie* fi = 1, 2 5 3 

n. 

. a^jji i^ii j^Si si* o>i <i o^ lil y V^ 1 > ij ^j f^ 1 &»■* ^j 

* ^Uai D : ji. U km ■". jji ^jkL* J ijjjD UU—ji o^i ^ ^k LLi 
ij_£ dJJ li> L*,*J i J»*J «^* o^j ^ ^! *y^' J^-l- 1 k* &j^ ^ 

^J ^_*^)f j-^Ij* 6^ M>u UJJi , L* o 1 ^ ^ pi— ^' j j*j ^^^ o"^ 

M jIp '^ t. U* ^! 26-17 Jlili J **U ^l *t%jl 0& ^* ^Klrf 

&j p^-cjji oU - Ji+fi ji^ jh»^i ijjj - &Ji a>^ ^i* ^ . . <*fcijU gjfc 

.jiilj , lla ^j i>j1' LvjiJl iJJ ,>sui jJ J— ijL-i 6' J^J ■ l *^* J* 1 ^ 

. Aijui\ Jib fj-LiJl «li» j***j 
^> . ( iu- J j^i LIjjJp t3l jjuuu ) , -mv' 1 l *Jfj* ^^ 6y jh^*^ ^ 

■ Jl 
M Ma > 



(1) 



^ 



2 



:2li-17 Jli 



: ^j.i j^h ^ ijLJi ^ui s l^» * UI j^ 1 ^^ ^^ ^^J mv j* P J ^ ! ^ el »| 

JUiaSl 



i^Jj Jt ^-iit Jjijl y*yJi JUhM E n = 3"^ 



E n =^ , , = 1,2,3 (36^9) 
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( ibjjj fjali* iitf ) lU^AJij ^JLJI J*iJl 



J_>lj J-^ljL gi .1 !><! jit gLS jj ill ^J AAftjJl i^iJi Jf Jju io£*j 

J JLo Ifcifrj m-d) iLLUllj sLbdl ollaJI ^ ^j>[ <J o£ £)! ^ ^^ 
^L bb "^1 l£JL£Ji jl jl^ ^^J! li^Jj quantized SU& p*-*Ji oil 

jjU i_^i J*b ^_oJi ^L Lis j&\ i l&^li l&isyi » 5^1 ^oJi 
jaj i^JiUiJl Ijl* UJk^ Tlf . jjusil L^i L^ <£yJI ^ilfe iJ JSj is! JI>jJ ^ 
« *j' * ^J M*?l ? Stf^l ^^i ji£ "J^ 1 I*V*\J *4*J^ ^h^ 1 ^ 

Jj-b {m = 1 x 10" J& kg) 5Ljj jUi Lu*>J ^ij]l iiittlL uLx uj Ljj 

; 50 an LjJjJ* LjJ 

ml* 

, 1^ ^Uj 9(2 x Iff**) J j 4{2 x Iff* 1 ) Jj2x 1(T W J ^ w*Jl c&lL J J 
2 x 10 ' J js ;>^ l'.uj 1<l%£S\ jj , L^jlu Lo jjJ' j olilUI &ia -UL? ^jj Ja>^ 

jiit jjjl I JLfl .j| J^ . H J iilWJ P*_*j JU* iutf jj jd*i J L*** £S^ dJ 

, i^yi iiuisji Lfj La Ui' «wj iu£]i ^uukJi I.JJ uj -*j ii ii-ii ii^Ls 

LjjI ^1 i^jjsI , S^jj *L*o-l olj v*?^' ^JL« Ju^ Ltl*> iiU>j kjfjll ^kjj 
Oilj 4 2 x 10" ig m ^c LjJ^ j^j i iyil >b (m=9x 10" J1 kg) [Sj^fil| 

& = « s (L5xl0 1ft J) = 9^eV 

'-Jfijlli UJuiiu wa-ib j^U uJj JjHJ °J-^ J**^ °^ y+i ,}i ^ iJ~ $^i 

tU^JL: ^jj! ltyiH\ J*b M-l*J^ m tjtyll (> ^ ^i jiiljlll v^^ V^iJ 
jjjU ^j; ij^tij juej ^iUj »lluJJ yi U^i> jj» *J£JJl jaw U jilj < JJj i** 
<JjW Jj. jJu- LjuLaj] o-S* l^Vj 1 ! j^L-tiJl '£}*■ $ lift ^ jl>j ■ 4jfijlJ 

: SJWI j^i L^Jj- ^l* J5lij - JUi* ullJI o^j ■ *q$ > [j 
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{ 4jjjj piklfij) ■ <JHi ) jjjimJIj j^jLJI JjiJl 



£„ - in + 



2 UJlL 



fl=l,2,.... 



. Jj^jJi Liui: ji A 



ftj iJjJjJI Jjp ;>! U>£jj ij| iLlfl^U fijil* ijj^u i^Auli (J* jP ji*»l)l iji*ij 



/■■- 






a^ v hi 






n. = 0,1,2 (26-10) 




Jjjuji *jj)j nJbJ ijj-il ijiiiil *i ill 
Jjbii i j i fJLti'i Lf iiJJl yj£uijLj%Jl 

L-jJl !^_j ^ejll ^j , j*ji\ ^j&j 

uijj_]i ol ^ VtjJl Mtf^ M-Ji 

. t Jiiu* iiJ iii* Jt L*,jjfJs 



L^JLiL ^i ^^ j-lc o^ ^ Lh»I*II ^L-mj jj. i-j£**Ji L^oiSI bjj 

iLw lil'l jjj-t kW^ 4J| lJI i Jj*^ i' i»*£iJI flAij ji*Jj ^J ■ 0^*1; JL> lIiLjjIlLL 

^ \J^ L T 1 ^' CH-^fJ l| -^>^ Jjj_J (JJ ajsli* pljliU jjU i S$J idt> U jfU 

bS*i *t ^^ t^jj ijl 26-7 ^Jti J IU» jD lkp«j qj$ ji iH &*iull 

jjLWIV 26-13 

wwi 0] Up jLlii J[j2 iijiJi U.JLJI5 ojy^^U L^-^f hauLi JLilsl li* 
jl L_jjJl jUjII o!j oly«v>JI Liljij . JjLJI jjju dLi3 lSj>' oU,^^- iHi* 

tl. uU ,.J ^ I ^juJiJij J 1 1 4_}*Ul JiIjJsJLj ijUjj UjJ ij^-J *J-j-- ^jj^' jV ^ 

JJ_*J| ; ';^ii ' '' . f 'J^g i-.-U lijj Jj ioLu—ljJI Li4hl jLl>*-iI JjuJaJl ^ J jj 

, 1 J CU* Iawn ^Sti jsfjn jii ijj L Jj> . Jbtfjf 1^ JJ Siw^Uil j^ llilj 

wiaI 'l-J-^jil <ULuyi jl JJHi! V 'ViJLuJ J I ilj_>^il lij^^ '-*^ *j' H l)>^' 

uJbJl Djjt jl >j| jJlj Jlj_Jl I jut j-lf JLJb ujj>j j! 11) u.i'1-J.i oUm>^JI 
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( hjy Mfflli) iJ}Lj ) jjjiJI) ^mjLJI Jjsill 



{ j- ^-'^ jj— «c»Jl i,u*vjw ) JJ"jl .J* Liu Uv*^ Ja*J ij! Jj 1 ) fJ)i' JA*0 jSj 

. ■ ~-H ■; ■■^■' l U_f wLLir {ill 4j4lyl J-^-J-" F ■ '-' ')"' hH^Nl ,** >l H ' *"'j 

Lui" £| jj ji f l |L_4 J±*J , jJ^JI jjJw sliJ A -JVjll <J_jk Ijjii* Ljpjj f A>J"*L 
i 

jJ) *i-*>JlJi ULllf ,>.ij^u*i*j ', E - toe/ a UjlA iilLjp = fr/A UjIjL i]j*j 
j _L j_1c; , y jj>J^ oL^ju p4-^JI JAf Of iajl-ifct -ijjlj Jj&j ( ^ iwi£ yj& 
o-ujOiAjj , m-*ciJI J] 4_S\=m Cf*^ ^ Liu JJiif iwli *j-j^JI JLp [> |jjjjii]l 
i! (jjH *_**£ 1^5d ;j_iSj i <Jj>oJl i^*U j; i£jA ,> Lmj LWf J^U- j^l 

Jl J_>JJ yi J^yJJ jJL4j ^^Li Apr i Ji iiill a &Sju> \ig jjli J>Aw, 5A* 

Ji^JI ^ji t &ja>j jp jlj jjTf dj>jJI <i6 o 1 •^J ■ ^ J^i) 'L Jj| J | 
, j^ijiJi Lf^jii .j\\ 3d 5jU#j ijjLij ilyjji ^ ;> x ^5j( y^ a 1 %* 
JafJI iL^ w*i Lip * jjjyJi jLttf i ^ jja *3i _ja i ^i tMi Ij J£j 

Aji* — /j ain a = sin h 

, if » A/uin h i_ll J* Lufjiij ju*JI tjjt ^bi ljJi*>j . ji»£ jJ^ 1 * ^^* j j ± **' 
•j.y I ^i o^^ 1 u**^ vj^v i^ 1 ^ i^ ■ V-^ f*^ 1 Lf* ^^ i i* 1 J^ 1 ' 

: JU J***J Lv!i l _' ' ; " ■ I ' frH^J VL"^ -'j>jJl 4j*Sj 

U /Vain a/ 

, &,%, ^LiJ CjU ^ jl. JJ^fi ^ - ^"i 1 yu4fl ^V jrtill o^^ 1 

. j^J rjiJjJjL* Ijjj j^f JJ*J ji* LU lil* 0^ (Aft jl TfHi 

J LJifJi f^*JJ ^j jlll 4iUJi i*£ ^\pi . if = IU iiUi oa4 jU, j£l 
t 4£ = k/A ^ yJb^JI (> [jlji* 6*^ ^' W* u^ l^ 1 ^ yi rf ^J 

toe A _ l 



AfiAi-- 
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( Ljjj pplD ilsU ) jjji*llj lnoUI >iJI 




^*jt fj^ni /^l Uij . 1927 iLr. pU^L* ^jxi ^ a^ JjS Ui>j^l jjj ( uUsJl 



A*^ 



An 



126-11) 



k 



MSM2 



in 



(2G 12.) 



0} 




ii.ji 



, Jli* a>U g^i y^Uj L^a^j yil ,> jdl i*ji J-ifl-JI f*-*U 

Jl L*L> JI_La |^J l jj] i »_iiJI j^j> . Lij i^Jl oLj^jIIj *wJI o ! j5 maUI 

jjj I j jj j«_£j o j|_> . _i »t*iill oLjSi ^jjJ' olaj**^Jl i_i^>J »Jyj* 4*^-= 

. y|jfc)l si* Jjlsl 



d_.» 



:26-18 jLi 

- W sin « , Li^^ KT l*ll« 



D 



}j_>JI (j_B Jl IjyL jlS lil Uiivj i< 4jb ^1 



Oj^l ^i r o^" LJS ^t>U< o- j4l b^ ^wlU ( EE *5>Ji SU» ^JL 
, LiU \jLa ojL*i ( KE JUJLj ] p J- JyJf iii£*. ^ iUilj ^i iii liyn 
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( ^jjj fjftli* iillj ) jjjiJlj ujjLJI J*ill 



• * i y u*^ & J^ h*®i £#&* uljw*J JU*j tlili *&>gfjfl 
^J ^jj^Jl ^ ^ jf OjaI 5y> dJLt c^J d J* tfjWI ^ ^a ; 4jL>^!I 



m 



4^ Ax 



M jJ^Vj *JL> jjj 1 KE=p2/2m i&»itfj| jjiiil i^j] L.JL : tyj$ 



(KKU - 



3p 2 



<bl>^ 



I KL/nii 



2m ^m 

3(6.63x10^ J»)S 



32^(!CliW(9,lxlO- 3l kg) 



u**jyu*Jl sjj ^ jjjlihU KE LSjJI Lstki ^IaH jUll ^ ^ ^ u*j 



jiJU-JI Jul 



. jl* IjjJ jyfl jl ^M Jf^ 1 'i* ^*J' JJj in" 1 

UK)< ^ 4J1WI t £ ) t L^LikJi MJIj jjiJl ilsj ^ j ) ( JjiJi jjuiii f j ) i ^f j,^ ( ,4) . ir , n \ \ 
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J « J_0_- 



I 



( ibju M 3 ^ ^^J ) jj^iuJIa sj^jLwJ! jLmJI 









I 

. Lij*i iU5tj ^Lj &IS IjJ Jjju y^JaJI jjjjj yijlU V^ ( ^^ kJ* ) ^W f^ 1 "^ f^ L r"* : 0' G 

. i ,1 pJl L* ,j ,m ji**ll 1 1* j^ju i -i^S Ln£ j'j j>Lj, jumaJ u*jj^ A jw pU&il iiiiJ LuLu j**** fjj 6' 6 
j^ryl 4_JjJb ill)* ijSjiJI olt ^ U jftj yij . ^j-ij-^l JjilL jyaHl L j^jj ^yijj^l jJlJ ii*3 £l 7 
. JjLili Ub Li^ j— Sj-iJI ^-jll JjUl v-^ u'j ■ ^Jj^ ! j^ 1 ^ OA^ 1 f^i* JM U£ ^p tfj 

■ I 

. J^jJJl jjUjj li^Ai ijj~& (£*>, JL»£ rjii) ujXjjS jJl i-^ 1 U 1 8 
i^4_* jj v^ 1 J-^ Otjj ■ H 1 ^ ^J-*^ ^^i ^' 4l>** f**^ '^^ ^ ^ tf*-^' ^' ^ ^ 10 

, id* y^l »jSJ i^jll ^I^JI i>5b Tl U« i dUj^fljU 4^-jil ^UiJl &*& 
, j* j ^j oL>jj j^>j o&* Ljj| iJ^ t-j-^j j'jrtj qj^'j ^^ ^J** 1 j' 11 

^Ik'lj flrfjil i*> (> ii>*il ijj!^ ajLiOiJI ^Ijj^l jlsi; ylj ', i>jJU< Ji'o hV^*J-iijiijil ^ ! J%!l i_Lw gi 12 

^u jit&^i j j^ u'j . ¥»y® w^ ^^' ^ fl ^^ Jy ^ ! * ^^' ^ ^' JjjLt| c^ °' " 



A = 6.62G x llT 3 -' J.s 



1 = -^- - 2.43 x 10 12 m 



*** 



(A) dj^ wub 

: 4j*jUI ^jUj ^Lajyu 
. ( 'aI^jw ) ^jLi) *Uj*ill 

V 

. tjiji jj^J VJL lu-Ji rfii^ j* jJsuJi ^ ^■ J - j| >- 1 ^^J ^^ *^ u ^' ^ 1 
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( 4jj_jj jjiLL 4j^j ) jjjituJl^ jjjjLJl Jji ! l 



^>l ^Ij _j^aJ |jj jjlJm i_5 1 J- ijLaljJj j^jU "]l j3 J|j jjrfi j j iiUt ^j iJJ^JJ Lf)l -I? iiijj Jjl iljj-^l 2. 

, C f-lj^Jl i <-J-J' **W j] J-i»J Li i_L>- Jj^JU L )iij ; 'J 3 

. Lj-iLs jIjII ili>^i .1 *L?iU i^JL t&L ^LaJI V^i L*j jj£j ^ Jj ^ 

ii <d J ..■■ "■' I ■ ij UjIjL ^r-^ iU*^ jJlj .j-ii (JJ LLli i jjUiii ; ; jijL> jjj i ^JujJi djjJUI l wm4; Ia*1j jl jj . jj Jl 

: ^JVjvL ^LliiJ jLujJI Lj^j 
> fs - 

jj&\ jjiJw IiU! ti* ()li t LjJ ji tJ L_JL. (j L» ; ljiL bj-u jl^j^ 1 jiii j^ d aJLk && L*lj &l J : JjUl 

e *jjji ii^rj i? ^wJI p^e^ pji Jj* l>**J *^^ M-^v -^r 1 ^ ^J^'j ^irH j^' ^LjiJi jis 3 

LtuJI^jjJI 



m : 



ilj c 6* t) mj^ L«^ »j^ ^.rt i! /* : i ^ f- 1 ^ i/ 1 ^ 1 JJ-^ 1 " fJ k3 ^^ j'*^ ^" if* ijli ^ ^ $ ' 

uaJi Jj !Ltj_i ^ ^wiU jjtii )jj '-^Ji-i j* jl 

lilt gaJil. . LLl Lidfj Li *-*^J ; !«j-tf jIj** J^ m J*w uW l £ = etc 3 Wu&t *&$ ?* ^ f—^ ^^ ^j" 
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( Ljy ^aii* iiMJ ) $jj£*llj ^jUJ J^ili 






(<£} JiftJI <JL) 
■ fa jj!" ^« J^l? *J t5ill »jjJI ,> uj^y Silt ^jLj yy i riJb t j}y&yk,y ji\ oiLUI y 

Afl 



^ = (|mi;2W=^-^ 






'•f 



/- 



E 



■ySJ( iltf »u«S >j Jli* ^j^ii ^uiiJJ L-JLj I^juLu jj<j.- M< jj# L#ji|^*i J^ f -* iulS -U^ Ulk) liLyjjiU I 
lyUI aUuM u-uJl^ S L»jIjL ^Ij* l+JU jjUsIj jjJI t)*ll ^jil J>U1 $ £ L. ^L*, j-S] Uftl jJwy kii: 



■. liiii 



, JjUj Jul JJLJ 



4A=- /i (1 QQSB) 
- 1028 - 



{ "k# ft* 1 ** *^ ) yJ/**Jlj j*jjLJI J*aiJI 




ftjjll jyl| iU^I Jj j^jfl JjU| ^ Jbj^l ^ . jj^'l y^LiJi ^jj| ^jjl J^L /f./m.rf UjUl j*Jj 

, tlLil tjjid u_t»Jl 

, L 4jj*j jLajI ji-i (> -il ji LjL* Jvj jjj ^^11 JjJsJl ^ Ujls i*JLs jji li&^l l^iy I *** 2 
i^LjL^Jl jjljJU ^ J-aL* v . jc^ .ij . L* < ^ >n jfc Jj-jkj luSj jujj* ^ MS Lfj JjaJ ^ll OaU "Uj^ jjj> dta 

; iJUsJl ^LiJ -UjUJI i^jJI JjOaflj U.lUl u*UI j^ iJftWI ijljL &J ^Li ^ i|*J ■ M ^ *^ **^ ^ 

4jt 

. sij>jl ^*iJI j* «jju L Ji LIS i uAijSJI i£i>\ ,_hL5 «j cjaiGjI US OJ jilyLill ^bU *^ 1 

IlLi ujjL^lil jii' 1 J JLi- tiirj ,<ulu_w L 

, uffjH\ ,> liwJl j*J Ljjjy jjJ f ki ftjj 0,ytl C Ujlj*l i&j*j ^ijll y# Ij^V jlKu 'UO Cyirf jj duj J#>J 1 

v (4jJ| J|^j ^ijiL iii t ■' !"'■;* - 1 "uu*JL j'JJ .fjuj 4Cj-i ^LL niii IJ|i 
juL IjJjJ jAtfJ IjIJj 4i^i yl Ji jyN J* JljJuJl jukuo Lplj iLJUL O^ iLt tUiiJl oljilj |jA>)l ijl J^iJ 2 
. i-L'-ii)' L>^L: J->lj ^flj ■OUjJl ^iiJ 1 ' JJ Caulu'' Ijj lAul^r ^i'l ;jj| ji L . LjjL ^if G ■_.' -'"■■ ji ,j 

* U r y C LfcjIjJU ifij-iJ ^Laill jji iUJsi* ^ LLj 
iil . (j —* tJfj^J 'L— ill I j; ■■' : '' J ; £ji ,_ui>-iJ ^>£ij iiw j-oii ji <^u>j . 100 yr. ,y Jii J pi'l JLu jiuu .'■) 

^ ii*iyi iu^tli 4UI ) f Lii^i 3i-i ^L ^ MjV yijll ^ yiu jiLu ^ (Cri "ij^L lit ^ Jt . tie- tiL 

, ( 9.46 x 1(F in j! jj>Ij ti« ^i ^l l^^ ^1 UUll 
. c j_j Hjij iUjJl si* J'jjlLi! ,uj '.j ijik i uw ■ujmJI wlli jm**- jl] ■. 20 m/s jj- o-lJ (_j^JI 3xj_i gl g^jlil 4 
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( L jjS m»U* ^ ) L>jji*J1j j^jLJI Jj*3I 



i > ' 

f L^ ^ J^L J 
j*j*l , jj* 10^ jIjjLj jj Lu j^ii il^ ojU _jU .iv^ *j# ^^ J jl'lUU ** jiL jjJl ^jll jiil 6 

(j^Li^Jl fj^w (y) j ^UIj&JI lilt Lu£ ( I ) ■ jd^J^ il^j'j <> ^^ 
J^l j^ &l (*) , ^l ^1 JjUl < ! ) : ^jd+^I P W l *Wi tptll ^1 fHMjJiJfl 

* 4l> ^Li ^ tfj * U ;^J jail Sib ^ uS*j uui 8 

. Sj»LWl si* jy5l . ^1 *^l* j* U W-it ^i jt-II iUJ CjLs jjjill ji^X^y^ W* U 

* ^l ^^ ,'.. r . jjj ^JaJI £,15 y JaiJJS jl ji, JLLiy Ja 

B00,000 >^ Lh LLj: LilUi j-i>H f j]i- Jjijfl ^ oUj* ji^ w* Lj t jjSjII tt£ islt J*£J {&! y U 

v ^^ "JU Jl oLi yjjSj 3fc iJU j* J*^ ^ y*- lelJI ik« ^l^J ^JL> JjjSJI y ^ jb*. U 12 

V jjiSil iii ^s &uiil olijJjiil ui$ tJjJI WjSS^j ^^ JjWl j» I* 

Ijl.-.-.'.f 
2G-3 JJ 26-1 ^ j*LJ^I 

jU-ai Mi <J ■ EjS.uji j^ ^ jsJ— ii ^ J*- r ■ ^ c^ ^J" 36 ° ^ u J f * "^ ijlU) ^ : 

. 3.2 m. iAJ^Ij S/WI JL. gftHUl 1 5yiU* jU^JU ^Sl u^l J*-l ^" "^^ ^^ 
(Uj 1.4 m fU5j( ^ t J.4 |> i^iw *J*i ^>^< ^ ■ 2.8 m/s LftjLL 4iL' i*^ ^ wa J^Ij J;i J^ 2 
, l iilj i*jJ( (J6 Ijj Kibble jtfi ? i^ipU Jj» ^ cJjJI ;> IWI ^JiUrf ^ . ««iii luiji 

1,2 Ws ^ (v) >^ ! jWM ( f ) J^j j<>U*JI ^1 iJ^J ■ ^'i 1 * ^^ ^ V^- Jl ^ 6bW ^J^ 3 
. 0.5 m/s ^ J ^J^ *>■> H ytfjH J>l ^-i ^ » OJ rWa "^j-j jUmIi ^ja* >*J v^ 1 ^ >*^ ^ 

^ ; fy) ,LU1I J*IJ u^ij iaJwJji L^ 0^>^ ( ^J" ^ ^ 

r yui ijty ^J 3 m/s ^^ jjU ; WJI *L/ ^j^[ >Ij j>mj .3 m/s ^^j ^ flft\ J] jlti i3^ 4 

! 4lf^ abwl ,j^ 

L^JJU j^i 5*j- 0* U ( i ) . 4m/a «c^ vjjUl >^ ?/ « K m/n op^ S>J j^ jUJ >Ij ^ iiii & 

^ j^yi, ^Lj c^Jj i. t oij*Ji ^ *iyi M *>1 > i^i- ^ ^i jjjSj ^J 1 gt, js Jd jafciai 

.3.8x10*111^^^1 Jl^rtll 
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( fyjjfi fO&lu 4Jlli ) ^jiaJlj ^jUll J^ddJI 



4£j»4 Uiy- ki. jU> jyj* Ls.ii, jjjql Ijl jijiLJ V*^ i) b^j jj^, L Ca^-i ojj LiiilLl l^UJI Jj: 7 ■ 
j^4 ^J IL» jl ^ ,H( j* UjLuj UjIom Cj^V ^^ V-^L JjjaIi Wj* jli L *JJ <,JJl w Ujl.iL 

t U -0.6 C t { }lii U = 0.7 [■ ^| jll ) , fi yj j$ uji^ rJUJf jH : £ fr +J&) ^ ^ Jl ^tf Ij ; L*^> 

u 1 O^d 1 ' i ^ 1 j-*j . ( -t^LiJI 4j^wJJI IJjJ ILL ^r-. 1 : ii jju U jij ^^jU LJb 1,3 c Luyl! bjJi ci;& 1 

" ,+ " ,. : iftULi Jmj ijuu-JJI i* Jl 

ItHi 1 /^ " ** ■* 

kj-fj y"J*' j',)*' ^j* ^* o^ lP ^^ oiitlj t' = 0,7 f; Ljl.iL itj-* JjaH *Li» iLL* cJti" |j|j 

? jij^ LJ'u ijA-uJI JijiHl *ji v «- yjiJ jij i u = 0.8 tr bajliu 

Jjfcjl . Lujyj 4— iw J-jjj i-LiJjl ^Jyi^ J>Ij *UJ J[j jl J^iJ t 7 Jj 'U Jl i Djji'Jll OjjtJI j*ij t j>i J 6 1 

jtfjj oljL^I ^ i*L%|| Jmj 1 jl Jai-; Ji , iluli Jaj ,yj j I Jj* ) . L ujpU ijJJL; -LsJI tit Itjw jijJL 
■ 

: V-'J- JUij ^ w JjaU Ljj^j . 0.88c LjljL i*j-iJ liij&ij ILuLaJ Lui-i J>l j tLodJl u,S iUj J Jul JjaJ m 

jj Jj J^J ikJiy ( I ) Li\£ *i lit JjjJ ^jJi Jjju jj£j ±5 . ii^jl j5 lAju Gb J^jJ l4^I J^w JJtf ^ 

? ^j"Jl *kj ii <>ai-J ikJjj (uj) , iiuLjl Ji|j ii».Jl 
(|__iiJ| it mj .,, Jilj L*Ji»j fljjl 2.0 h 1jA( J ill <-UuiJl jijuil jjw |jlj Lvj^ju ^^1 ca>j tljj bjjS .. Ci*JU 1(] 

( lyLJL Ljuu ( 1 ) k>-L ILljIu L+j LJ r - ■■• ■ jti\ hl\ U . ^pi l^JL 0.02 $ \*J& t*^ $LZ ji\ 

jlj^y jj-'_1i jj Ltjj^j , JlJJl ji_AHi jjj ijlw| J?Lu i yjlL Lijjf 2 A jji.L_j JiilJ ^ iiJl /jJ( j i>j 11 
\ jjtLiJl lUj*. jljJL _yt L> (j s ^jL*j aji>j JjjjoJl ji^J JjjJl i>jJ^ yt»lij Ij> 5_j^j5 i*j-ju L^jj^i* Jjjjyi 
-uiLJl Jj>-L c ;>n yjlS 'J O.rj .h j <u*li' 5.*j Jji* jljj ^^ ^ J *j J* * j^j*'! B *LjiJl 5jj— j'- jiiiil 12 i 
jSl^fJJ ii*li 3j^j Lfi^uw jJl IjjuJI jjii iSj l U.H4c L*jljib iu:j*«j jij^'l ^ Ijjju jik^ iJ^JLJ! ^jut5 Ijl) 

u*jljij) t£w*u jLv *LaJ 4JuLf Jib SjLII si* o*aii ij[j , Uu 9t»0 . j L^Lsj j*L i-^v.; 5 JlL-u u^ e^U Ji^ l' 1 

':' (jijTfl pLj Je idbi (w) j P-LaiJI iLiL^ J>Ij idU ( 1 ) ILL hili J^u J)UJ| jyLLu i£i . 0.90 C 
20 m IaJjL iiL^i ,*JaJj oUujJI ^ l*j* i*^ ^* U . 2.(j x 10 fl s n j* iLu« jau usj ji«j. y ^uJl 14 ■ 

? LJ^I JJ J— ll Jib 
JJ*^ /J J^* 5-G m oLJ jJJwJ jjJl oL«^**JI ?j_v jj l^j> Li^ ^Lvj^I J^ ^*i j 'Ul*Ji j^5I 15 ■ 

_4j jjj LaJlf cjjAjJI ^iLu_^Jl cia j£ ti Lj . lll'WHO i" iA Jonll J 4^-j- 1 j'^L k '..l Jj^j ill . ^Lu^JI 

U>j jj jjJsw ji J_i (■ <w jy>^ Jj*i i^JJl j^^Jl &l»i I *i— i Oe«jl ^Jl ,> Mjj iJjJI JjlifJ i^'^l jlj 16 ■ 

jipju t (LdiJl "'■_■} ■ J->b 3J»j. Jl C<Ul-J| - * -t.*- *il*J ' ^OU jj^ Jjyj « Jjjlj^jjuj «■ 'LttiJl <Liw Jj-I: 

? LjiijTJI olfl J I i_kiL> L^jliaJ Jj* fil' j 'j jiVj^J ^hmUkII JJ^Lw Jja. 1 JL>^ bL>I j^u» jjlfjj j^HJI 

V ^i^ Jl Jil> Lfj JU jtl ^£ Jl ii-jjl) Uj 
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( 4rfjjj uftliu ^j^b ) jjjijJkj ujjLJI J-aill 



26-5 f«£ll 

j_b .jLi* jJj_J^. ^1^ Ljuup ~<jJlJ\ JjL ^yiij ii . 40 m ^^fl 4»- Jli ^U; ja» *LsJ 4J4L* Jjl» AL,> 17 

? 0,9885 e (y) j 0.3 c ( 1 ) \&j\iL u^ ^Aj-jjl Jy^ j^ ^ IviJi ^ ^jty 
4_3^u ojLSj , tljk 1 *jjIjj ij^i ^j-w 'jIj! jlLuJ LmIIj Li'Li .ioLlH /jji LjIc IL i Lai Jtt jjLI* L ^ 18 

f LbjJi 5_Cj_i jA Li . 0.6 ra j* ^UJI 
iUj— uj i ^l-Ljvj^I J+Uj j_>I ^J oU,j*vjkJI pjLii (> 2f) m -UjL -«" ■■ <-y* Jib j^y _ tyi vi_l> iJj*i* ID 

V JJ iwJL? J.V.JI y* uiloUl ijjjJI JjJ? .j_jV*' »ii w^JI lift ju jjLu .li-i iJLij jit . 0.9SS0 r Li Jjju 
, 4*M-jl j*,S S ; bjlj* 0,82 c UjIjj* jjjji' hjMf dy»JjJ uudil jlM (J , tl5L b^L, Ljup 4 cm iaLj J^ i_udj 20 

\ Jjjjf jAii OjJJ, l*jj* JtliU -U>> t* Lj (w) ? Li'L Jib JJSLI O-Jl i_jw£li J£i ji j ( I ) 

oj^l ,> *5j t *Ljj iiJyjL, jj 0,84 c L»jIja* ijs^ ojiL lili . L^ 4.1 X 10™ m odjil ,> oO yjf! j*^ 21 ■ 

5 iLJLJl Jilj JJ^-y JtfiLia alji Li (i_j) j * yfljl'l jJp LtSL iJJL i*Un dIjJ US ( 1 ) »k*0J1 dlj Jj <L>jJI jjAiw 

•Ui Juj jj U , G00Q m 4JsJj Jjjj+JJ jj^b Ljj i^LuiJ Lai] 1LJJL U.yy c btjljju is-j*j ^Ue i^L J^jj 22 ■ 

V *jMjmJ1 JWluI *M L^lud ^Lui luJLJl Jilj jaLmjj i~ajb L»5 Jj JaJl 

iJL ju>LtJ jjjj US il^LiJI JjJj j_* U , 100 km/h UjIjJj iUj**j 5 m LjJjL JJu ^_LaJ 4l*Li Jj^H 23 ■ 
^jj^jSjJI J^kjUl JiSjj 1 u/c *' 1 L>j yjSi jiil aJUJJ u-JL : p*«Jj * j^jkJf l_uL* jlc Lls'L 

. V(]-" M /c a )-l-n M /2f a 
JJIi ( 0,92 c LuitjJu w^wj iI>»Jj L < J-'ila J.uL„,i UaIi>I 1 ^yUj 1 jjj^*~i J_jL ^LL cm! jil J^iJ 24 ■ 

26-6 will 

t iiji- ibi q* byt lit* jjSI LfJ ixj» U^ ^jSi jJl i*jj| jb L 25 

. 0.[19fr ( j ) j 0.(5 f; (_^) 1 0,001 c (ujJ 

, 30.000 V ( V ) j 300 V ( i ) *J&> x&& jji j* %*ol ^ bxt&\ ^j-j <^ -^j' 27 

, 26 pjj ^Ul ji ( j ) JJ ( i ) > ilyp^fl ji IjfAl ^U.jJl IS'j*!* ^ Uj«b ojL^i ^> ^^ ^ 28 

¥ 4jjJ jj£JI ii*f Silt kJLwl 8 4ii'^j> uL ^4 4*jj j* L 29 

*jfj» LiUt ijjjjjj iLli ^i*>l ( I ) . olill i*Li_^ ^IJilsJ LjU>I tuiaJl <y*iJl i^iUjll ^i JjIm n>!l J^tj" 30 ■ 

. 1,67 x UT" kg ijii-u ms ujjjjjJI 0j^ ^ j^ 1 ? *•**> j* ^J (v) ■ 6 x 10 " eV 
LslkJl olj cjuj>l.I IjIj (y) ? IfcjLiSI ollall jlow U ( i ) , Ssli Jl Lilw dj>: jj SjUI ^ 100 g J ^jit 31 

? *&*&, W JJji jjJi ijfill U* i 75 W *jjji ^U* J-U3 ^a 
liUJf ^ JSJI M ^* &jL)U LjUi L-ill ji L» , Lji_p 334 kJ UjIjL iilb ^15)1 ,> 1,0 kg Lljl ^iku 32 

? jbii' 1 IJLp iLu^ ci^l -Jl 
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( L^i pdtlb «£iti ) jjjiJIj^jUl J^ill 



U\L JL^£1\ JiiUl i ja ^ <hjjj , till ,> 18 u ^jSSj SjifUVj ■> 16 £ ** 0#*j;JwJl i> 2 '° £ Jj* J* 6 33 

26-7 jwL'1 

j^i t-jj (uj) j 95 MHz *jiL1l i^ jj jjj: ( i ) Jl jii» ^yJ Jj^JIjj ^js Oju^^ fjJ** ; ^^' ija**I 34 

. 10i= Ha ^jIa 
i %B ii in (u) . 5 cm ( ! ) ^jil tij-ij otf 'Jj - Jj^V) ^j* lijjj^^ 5jja* _ u>jj3 olt yw>>l 35 

. lOnm ( j ) j 489 rim (_%>) 
1.2 MeV <_*) j 3 keV < v ) i 3 cV ( I ) -u3U^ ^ ^jJl JjUl Jujji 36 
L^l_^ oUill oj* ,yl$* iyJjil ^*>JI JjJsJl 3* U { I ) . *4it L. «-*J yfe^j LjIjaII ZijiJl SU> iu»jjj 37 

? -jLJi *U$ Ay U (v) ? 30 g C Jj 

Ujt Jy ^j-i *Uj3ji Jl SjJJl ill" lilt J*£ Jy*3 o^i *1* ■ 6 ■" *^jl i> 1 kg U^ ^* jX * V s ■k*-**' ^ a 

t oU^yll JJ: Jit jji p£i 589 tun y*jL\ 
\ : 434 nm -*ill Jjt i*jj Avii "M, L$J ^i JL> ^IjLJI SLUI <jLll ^j JjjSill SjSfl J* J^l f UjjVl j* L 39 ■ 

* jlfci^fl *i* jj CjjjV "^U> y Ij ( t ) ■ 633 nm ^y^ *i^ tUiJ 0.5 mW ^yi ^ - ^ jy) ^ i^ 40 ■ 

1 5i*iyi lulill i LjaJI ji ii#u 4JaJUf JjUl cj^jiJl JJ£ ^ [v) 

26-8>-5Jl 

bjoL ) 3jUI aj+J JJLiJl Ul; ^ } \ , 432 nray^ uU <>. ^j^Sl iU#^ ^1 ^1 J^JI 41 

f 465 nm ^^All ^H L+Jjt ijU ( i±Jjj finpflft ) J*^ 1 ! 4Jb ^ l* *2 

* ^1 JUJI Lia i JiJ! jLL J J { V ) p UiiD J^l ^ JjUl j» I* ( i j . 4.74 eV ^ UMJ jtifl STb 43 

, 3UJI 3i ^k* Jt 583 nm ^ J> ^i ^ LL^j , 1.25 cV I4W J Ji^Jl *Jb 1 U;Ji 44 i 
. jliJI d)iJ ^1 ^ JjWI (v) j ^kJl & ilulil LJj-Jl ob*^ jj-jJI a^sJI atti ( I ) a*jl 
&j UaJJ! oLJjjjUll jlii 4*j— ^ U . I 4 rV LjJii Itlj 5jL ?Ja-, Jt 434 nm ^jJl *J_jls *$* fk*> 45 ■ 

Ll.^1 ^LjjjjiJ^U ijjjill lijJlj , 2.3 rV dii lib ^ill ijjJj-Jl Ji« Jbf j^-jil ^ Jj+*j ^ LUj 4fi ■ 

¥ ^1 li+J j^yi J^kJl ja U . ! .2 x 30 6 ni/a ^a «LJ( 6* ^v^ 1 

yj> Uyail ^jjiSfyS -U,lJ u jill J^l if* j|i I U JjU «L« ^1* 1.3 X 10 l;l Hz SMy tpe tJU- Ui^S 47 ■ 

T ji^ii ^jil J^tU jlffiil WjSJI ^ L,j (v) f ajUI iJ+J J^JI ISIj ^ Li ( f ) . 3.4 V 
JUfjfl i#_*- v—* 1 ■ ( a - 3 eV *J J-^ 1 '^ ) fr-'V r^ j^ 34y nm cr^y ^ t 1 * 1 ! cH W ■ 

. iJLsJI ilrt J jirfJjj^SJI 
( a*jfe~ } CN ^>jv ( ^sJI l^Aiu ^ ^>^Jil i^fil ^IjjJI J_^ Lj'iUI 4JLLJ1 ii ) dKiJ 4ilt ^ 49 - 
jj> Lj (y) V ii^i 6? CN *j^Jl oiji ^Ui iii- fkJ^ ^^ Jjt -tjJi j* U ( i ) . C«jE 1-22 x 10 « J 
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( i/jjj hhilu ij^j ) jjjiWIj jJ^LJl J^iJI 



* 16 eV ^0» ^j^Jj J^i ^ « iijlili *»j j* U (v) * 16 eV ^Lt jyiji ^ i*£ ^ L ( i ) GO 

ilj^ j^j (y) i*Uui Oi ( i ) Lai* U ?J^ jl* 486 nm ^^I' JjJ? .^ ^ yy jbi\ gill Jjh, j*ji g ! 

l LfHjiL UaLai j_* tyy£l\ j*j cJi-aL jjijiJ L-ulij (A' -AJ/A t ujSUjfl .j*jll J^ j^i /*£! v-^ 1 &* 

. k = 0.45 nm (y) j A = 489 nm ( i j I j[ ^L, JU>J1 Jl IjSj* j^ pi 
Jj/^fll i^j-w jj L , i/>L> ^iiiJi J] IjSji c^ ^j : ilSU lj* llj^ifli 0.45 nm j^jll JjL ty*j) vj^ GS ' 

. 3,e mm* ^yu-Jl VU i*U i.> Ji 6S3 nm ^y\ Jj]j ^ i 0,5 mW *jyi gpi . ^ jjJ duxi G4 ■ 
Jz L***Ji I+j jJp jJI a^iJil v> U , luiiJl -J Lj*Ji &> 1^1*1* L*^ yj^ j*" ^liyjifl J^ J*jl ( ' 1 

1 yS j^injy SjJAS (~») * Ij ! JJ U/j=Ui*l ji L& (y) f JsJI 

JjLJi j*J ( i ) j^jSfl <> Jjj yjS iy* attj/£ljf O.fiOO am ^jil Ly> ^ yuii otijiji f j^ 55 ■ 

dydl i^j< jIJj l, (y) . LiUi fUi)ll »bsj^ Ll*JJLj 90° UjIja* Ljl^ *j*i ,j£\ DjiUsils oOjijiJJ ^jJL 

L*jl^ fcj* jSjj g^l uti ■ 6ft* j> aju^l £j* Wtfum ^jll UJ> ^J ^ #7j) jM ^ 56 
ojj ^ Lyfj Z^l jd* (u) ¥ i;fiyli ^\ JjUl ji fijfcjfl ^ J^l>^ll ib ^ ( i ) , I 2 x 10* jii/h 

f ^Iklil ±yyl\ 

26-11 4 2fi-10jL^I 

* 

. 1200 V ojIjL j+^JJ ^i J^i ^1 (> J*i u)j&1 Jiy. (*■»! ^y 1 - [ ^i ^ 57 

? 1U ( ' m/s (y) ( J.0+ m/H ( I ) IajIjL l»y^ Jj>ij 6^i^ Jj,ri tS^ ^^ ^' >■ ^ &8 

? 120 km/h LajljuU Uj^ Jj*juj 1600 kg ^ 3jLJ J^'jjJ ^1 J^kJi ^ U 59 

f Uj^j^ (y) j LSj^UI ( i ) f^*J( lia ^ J 0.4 nm J j^ ^^J ^»jli JjUl p-* "**jh j» l« 60 

1 8 K 10" 9 m ^jJU J jjW ^j J«b iioy j3> jj£Ji ^ ij^! J**^ v^ 1 ■if^ 1 <y y L Si 

a+jjJJ jy JjU. u^J 1 &» fo« *2e) U^-ij m -4x1.67 x 10 "ks l^ jijJ* Si^ ^ > LiJt |---^ J^-^ 62 

Jj Jjk j» j ( I ) . l&jil yj»JI ^ ( ^jJ Ji* "AT 1 u^aJL ^ L jli J>1j j* uj^lj Kj» JiLL U^L 63 ■ 
* 0.3 nm oj^>J j*jil Jjje ^^ J J» g* »jlj> '^jJ ^ ^ (V) * 27 6 C j^ }li ^ y ujj^l ^ Jw 
j^ j j J4, D li s L^i jtf^l JUI jit *ii cy| . ( ^JjiJL ) V .14* jji J 1 ^ j,jUl ^ Oj,^! J*^ f 3 64 ■ 



um\ U*^ Jt>^ V 



' V" 
n| ( I ) I - 0.53 nm 4>lj a« JJ *** Jj- 1 ^ J* 1 - 1 lj> i>rf ^JL^J ^^* iJ 1 J* 5 *' fi ^ 



- 1034 - 



( "bjjj *j&\1a Hj% } jj^nJlj i^jLJi J>J! 



5iit a^I , ( lup Ljj »ljl &*■ J^ U jjj > 1.0 x LCI -0 urn ^lJjjj jj-I_j jj^j ,|i jj^Lj. ^j jj-a** g^jji 66 
LfJ uiJl Lfi^Jl jj^J jj L, ( i ) . 0.040 Mm aj ljJu J^j ^L 4 jj J>j J> fc* 100 g Ujljfc <J£ ^ib 68 
,-,UiU ft 45LLJI j^* t Jj^Jbj oJji Ojt/^^ **j' ' fli6e * 1(Jia IIz t/^ 1 * W J? ( ^i ^ ^TOl 

iL» -v ^ l- ( i ) . e cv &*i ^ ^ ^m ( j^tt 41* ait W j^j ) ^° ^J 3 * ^ J ' &* 70 ■ 

, 5.63 X 10^ H2 y^JI SWji %Hy (&& #»J &*\ Bj NO &>l f lS^" jiJ ^ ) jM ^ ^ **J 71 ■ 

26-13 ^ 
L*s iiliL 0.5 J} J»a3 &< ^ISj jl 0^ ^r ^ ,5 i ■ ^ 4 ™* u J iji * **-H 15 ff ^ J ^-^ ^ ^ 72 

I ^UL 0.5 J| J-s 5Ji 4IUJ1 dj* ^ii*J ^ ^j jiJ j* I* - ^-<* ©V ^ U s ; j ^ ^uiJJ ij«i ^ 74 

? ^jill !i* Ult J &&M\ jIja, L . 510 nm ^1 Jjt !i J^s jlk! ^ 1 x 10 ^ s ^ ^i U L 3jj ^yi^ 77 - 
^rtU ^JU jj^ j J ^jll J^l j^ ^ 6,63 k lft* Jj ^ ^ 66 J.b ^ ^B ji^ otf lil 78 f 
SjLIl -i>] vJJli ^yJl *iji jl m^jS^ 6^' j lji * L»j ! fi m/ * ^J 1 -** ^ ^^J Mkg & &* 

4^U JjUj 



, 4.1 x 10" m j*m b - ; S r l ^ i^LSiJl JjjSi- W> r^ 1 6« Vj^ y*J* u^ ^ ^ ^ b " ol J^ 79 
^Jl «il>jjs ;h rj>; «Sjl« SyuJI *$} ■ 0-SWOe Lijl^ "y^ u*jVl r^ "^^ "^- ^ i> Oj-^ 
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( ^jjj p&\h Hyi ) yj^i-Jij ^-.j-JI j^iJl 



■■ 



J_£ &#j wjAU jj*UI ^j j! l_-^~»JJ JL^JI (> <f^i* oJUUi ^ itjfii ^u»j Lu_m 4jijjJl ly iikli ji jjLJl ftfl 
uj*_l*JJ Ji___!i £_j B___! jjkJi £jli , iuijj 4J_u_ J»l vj"^ °^V 5jil* ci*l> IjJ ( I ) . 1.6km l^i* ,^1 

jjj jJri ji Ij_jT />___ j_>i J_ ij] (y) ? ijiiuj jij^ i*j- ^ k j . Jai> 1,0 tm isU L^ ^ii« jjol- 

(_*) V jLHl L ^ ; i j-k itfL_, £«-£ 1_.il* a^LDi Jj_ p L 20 m U_l_jb j! _*j) 4Jji ^UJ Lult jjiUJi 

■ Wi ^iJl JI Jjjt ,> Jiiu j_] Jj5liJl «ij*Lw jjjl <^l ^UJ iiLu LeL 0j5U_I jjls (j^JUJl i>l _U*i 

__♦ jjjojj ijiUi'i ujjtL_j jUi ciyi ^u. ijji !>Hj _>i f_ji;j ( j ) ? <*ui _Ub ^j^i, jiii ^yi j* u 

\ _jS^I lit >* U . <& Jill JJ j^b 
L-jIjL «j_w ^JMi* J! l+JLj! _j*j *UJ lij__ ,ji Jai; , 4.1 k MM m ji^i £J tfjgLi \H\ f*3JI Jajj «1 
ii^-J jjJI o_,jJl j* - (y) < J S^b/fl oUUJ Dyfc U^-jJI »& 4ijiw o* 11 **fl - ( ' ) , 2,1 x 10 s m/s 
v ^jJlj ^l te LLJ_J| v _j l^i^ ^1 «UI y» I* (-*) *! il*jJl »i#J i^i-Ji J*IJ uj**ll °^ UI 
V (_*) j ( V ) fc^l pll-i J* *^i ^.*JI v^j W>*i --" *^-^ L^-UlH LfjJl £+»« {S ( J ) 
0.88 e UjIjS* iij^-j iij-*«3 v^ 1 0' ^J^ 1 ■ 10 ^ ^Uj» jLjS" fj^t 1 m 4~Li Jj_ ____. ^wi* ^ 82 ■■ 

? viAII jm _K*ii jaUM ^-l-L ( »j^»Jl j_>jJ iMJI ) ut*^ 1 -<i^ j'-** l» C J ) ... ■ U5 ^-'' ->^ ^jl>* 
»_>0 Ll_>v. i 0,4 c btjljli i*^ u^j^l > ^^ ^-*i i^ ^jj-t*-_si ^ ^jlWi *-**>! O 1 ^ ^*i J-"J S S3 " 
ji* ^ ^li; ^1 ^_»_JI iUjM. ^ U . 0.5 c tjji _J£ li^Ul «j- uijSfi ^ Jt ojj*Llil >^j , > ,H\ 

. 7 Jj yL*JI fij\ : flj*_ ( ; ^UiJi Uji- 
jJ ULyi A j_ J5 J J^3 1.8 x 10 17 W ^ .jep LJJT^I ^LlL JI Ji... jill v«*JI OlUl Jaw J^v 84 ■■ 

J *U 1_L> JI J_vJ 44_,j jp jaj ^JLc l^j^I iljS' ji Sit^il _J L. . Lb. Jj LpJ_j>j u^jJ 1 L^j^amI 
5 JI J__*j Ljj jja* J Iki*- 64 LlL-dl jS Jiiil gj^jll JjkJL> ^l>Jl j^^-^Ji- te# ^ ±fr _--*31 W> I* ^ ■■ 






loss- 






i^lffi-J M 1926 J! L923 ■>. ^1 cjIjjJi 03^ 

L_ijiJ1 iilLJl oijy^ u^l a* ^J l^jil LioJlW 1 
i 4*#U*<j «>jJI pL^L oljUl l*_i fJ L" jdl iL>J1j 




djtt£ypj! $jttf 27-1 



cjwjj! JUI .Ul ^JJi ji ij£« j^i 1 *jiU Jjr" £^1 J* 1 6** l911 f 1 * J 3 * 
pjjuUl % 27 1 J^iJI j» CUiiJ bJjil l>y^\ M>1 if wWj Jj^jJj 
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( VjiJI JLjJsfy 45UJ oLiyUf ) j-jj^uJIj »U\ >ill 



ir JJiLLt 



it ■_ l L«^*l-~ 




fj _:HJ_it> 






0^.- ....- 






4 * 









Wi 



:27-L J*A 




L27-2 JS*i 



!:_>■ lUi Lie jls t jUfcil ^i diAjl L^J ■ ■ : J ■-■!■; '^H J^ju jl ^i j Jl 
ji Ijj* Jjii 4J£]i LUK JAJ f-"*; ^jjJsj ■' jJ OjU J La5 SiL. Jix-I jl i^ii 
ijjjl J»_> ■*■ j'^l |>5-^ji' s^js iUaLill sift -^j-Vj J*" 1 ^; ^y i/** 

10 111 J_>j LftjisJ ■_* "'■ iULj <i*> " l±5- 4J4L? 1 J(_r Ojjji \i^» jif Jl^-U 

i 2? Uplift L**^t jj^J (lyll J**jj , SjiJI ihi' ^ SiilL 99. 9 _j*l L^ii j^, 
- JuJI jjijjJJ jjJJl jjaJI j^j Z UK jjjjtiJ^fl <J>^ UUaI' WJ' ^ f &** 

3 j 1 f jJf-J 2 j j^-Jj^ ^ = ' ) *■*— kJI (> lj ^ L r^' ■"* ^ J*J 

olj_J' jti lJuij jjis ijj 40,000 i> vJjJ*i 3j JJ I jJaS uLsuj , ( l^> *l»i 1 fjAuU 
jj ji^lSJi Z jWuh . 5ji-H j^j* Ju* ^Ly™^ ^J «jit>JI . ,J j* 3<4JJl jli 6)"J\ 

jjJb Ij.J. .,'j -Zc 4jija>j U ii^SJ! jjj .Jjj»J jA^ slyjl »jl> aj jU k_ii. j Jl ;Lki!l 

jLi ^jj US^ ^ jjiii LjwbjjiJ! j*l^kJI A;J>ij [jjiiuj Laj *j i j < > H ■ * " w. » j L - i - jl* 

i—iYuJ 4_A J j_ IM jytJ ^J j^ijJ jjJl ^j^jj j i fj l ftjj t !", ! '> tiljjJI J»-ul| 

jjji ; jj piU j— jJL 27-2 JJLiJI jJ jjJ.1 ^Jj_Jlj s jjii* ijjODl^ Hji)l 
tljJJl i-jjL^fc 5* ^* 'j^y 1 * yjLv^ j»jlji uSj* >aijj ( iiljJ' Oj> jjJJ ojj^J 7^ 
j*j iJjj-t ^i Juf^i rJ>-iJJ^ [ AJ J-m J ^jJU . <j^kll JjS^I V^ ; *** lW^ 

IjLfJ iLj IjL) , yljJi* lyid ^jIjj I j j^ 4J-JJ 4J J iLt-uLLAijjfi Ol^ii^l jiljB 

Jj^i J ^mj . fLul)'U Litis jJjj Ltji* « ^jL^ii h jl jljII (jUl jli jjJI 

jJK L^fJI UUm \+Je }J-a 1j . Oils ^Ju "J - iji*Jf j» - L#i[ j| i ilUl 0* 
, j*U jl Jii liU* j^£j ||)l iS ^jijlsJI ^J>ajJI jl I JJ* jJaij 

iJwt* ijjjjj iLJ^J fUrfl J^)j jlf L^i> yl*J JJ jxj-jjj JJ+J I olji jl ^jli 

i^J*> ^ s juill a.1^1 ^j Jj oljUJI jl 1900 Jji Jiit j^J oJ jj_j 

^ijy J+^- ^jtJ jl v^>i 5j}j«S jlj*|i ^)jj ( I*jIjJ *j^| C^*J J 1 ) ! *j-" f- 1 
djjj_» j^li j^>i 1^ «JLj _ ^ij _ iljlliTll ^3 Ji^XJll jjjill jit ) . I+J5U 
Jijjj^'l Lwljj jJjij . ( 'Li^ jJJs ji^ »Ay J+* ii jti iltjljj ^Sjii £ijij" 

Jjjjj"^-" 1 ! ^Jil— 'Lj '■; ; ; L ii' 1 <u>LJl oljUUI sab it *iuLLul tjJd! i**yi 
. 17 25 JiiJI *wj e ~ 25 f-*J' (,/ j*f)* (JiW ( ^^ ) 
? L> J^i ^ Jj^sajJIj oljiJl j* j^ j* fti*JI ijiJaJI ]?_jL>JI ^ ^ JJ 
^,ja3 ^ ^jjli 1^ ^ - siSjJJI v^jJV ,f^j** f*J - ^W*)! jl jl* . WOO 

jy»^Jl Ja*jf Lfl IL gJj 1 %t j^JjJ* 31 *^ ■ ^M 9 ^ 1 ^ y« lSJ j**^ 
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( L ; JJI jLtVlj iJUaJ) cjL^-l, ) jjji-Jlj ^LJI j^iJI 



( —J Jill LjOUit J Jjftwl^l_(jijl JJ-2J 

1 'J - '■'• ujJi iip Ujj* jj^uJj J^i'i" 1 

j Ll|]| *ibJI lip jjjjj U£ i pimmI] 

J_l 1,11 ll'ft Jj_ 1JJ . i JJMSJI ii* yj 




JuiJI -Lijiii II if ' ,> i^p-jjijf^ i*fil< lJ^ 1 |> j^ 1 *}*H Opk ^ 

fit . ( LLoiL Sjj-fl ^^ JjJj JSij, i JUjp^H 4*iiJ Ijj- ^ U^bJI j 






>*"■' 



■/, fnm) 



3 I 



M 1 ssS *■ " — 




j_^jii ^*-u i_j> t /. a 364.6 mu (> _^i ^y Jjb oii iji* j*j) ^ *j!j 
, 0ty b* ^kii- JS^J; u** 4x^ ^.i£Jl i> ^ ^yi Ul f lb* 40 

jl ^-syiJi um *Jji « lm! J- 1 *- ^yt ^ ^ i^ <-M»" ^* ^ ! ^J 
^ J$ li-* J*-* »3 j-ij . U*^' J^ 1 aii p^ j*y*j frj*^ ^^ *¥** 

jjj , jiL 5JLJU JbJ^ Jj-^ 5J—J JI iUb ci>^)!j CjjSj 1885 ^ yl ikJy 

; itUil ifc^Aill "OjUL Ule j^uJi ji*> ijkiiJ IftjLI JljtSl J J*J 



^ i-4?-?] - 8 ' 4 ' 5 " 
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(27-1) 






( Ljjjl JU^ij UP olji^ ) jj^Jlj -yUl >Ui 



^j JJJ J^il ^ liibo rjjJuj cjutf ]J ^j R = 1.097X 10 1 m" 1 d^> 
JbjJisJ V-^jil Jl^l *J Jl *jL#j*iIL» Jl 3 j» I*Aj UyA^ll jilij'Jl jjjjj 4i*i 
UjUII ^J L^U lyLu n *_* Lii*j . 27 3 J&Ui ^ ^1 jib. ILL 

, 3fi4.6 nm LLUI i> JJ ^jjj 

; jib iJUL <JjU* !>' *JS ^jLI J^l tli ^AWj ( 27 4 J&ll ) 



•l(im) 



1 



a 

i 



:27 -4 Jtt 



i 











1 
1 

1 
1 






1 

: 



*UjJ : 



-* — ► 



*H 



uUJ 



A 



a = 2, 3, 



A 



^"^ 



n ■= 3, 4, 



1 ^ M?-£) "^ 

t ciljiJl iljL* ^J USbt 4JjU ^^ dJ J^J ; ^ "*>MB ^-^ ^ ^ 

L. i*« ji LpLe j& JjUUi ^ bU $ j*> - 1912 f l* j» r & & p 
jJi 5^-^ij^-J' JyiiJ JjjIj j**tt Jy - Ij^nL jjjijjj J*U* ji bljyS Jl a« 
U^jll LJ^JI Jj-> J-sL ^ ■ 27 a Jiill ^ j^^il gJjJL j*j^ i* 

jie , iUiJ 5b L#j JJS5 £,1 BjU ^ ( SUsaII 5 j^ ! ^V^ 1 ^ 0' i ^ > 
^ic lyLi il*+ J u^ j[i j*>jJ ^L; lk*!j ^ fJ yH\ 11* ^iji> s^ u 1 

5LJjj l4_i* LjJj^ ii^* > i iij^fla ^Sj j*>J ^jjfej ^f** 1 0* p*/ ^^ 
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( ■Ajj.jJI JUiVlj UlUI olfjLv* } jjjAkJIj .V^JI H 1 



. LJL» J^uill ,-jjmJI mjJ UjHj Oj-i *il < i>t'i * liij "J| ■ Lib- 



^^JI^^jjj^JUjJ 27-2 



jl^ill Jj> Jit i jjjj jw u!j5 ujy^\ i> "ljjl» i j^3j.jj«3Li^_l I fji jl |_^jJiiJ Utj 
dIjS jJu: iLL*JI aj_* rf a* j~ W &&•# ^j ) . 27-2 JiUI ^ US 
.(Zs 1 i^jjii^J) . Ze ^jLt ^jyill fi*4jl ji«i- tills 2 > 1 iu» jf^l 
. A = ft /mo j_* *J j>j^ Jj^ jj Jjt o'j ^*r o* 1 ^ £>}j^?U 6' lj ^ f^J 

lijl— 2^ jljil J^ ±fi> ji Jul' v c^jJi I i» iJ*i j^j ■ jUI J>(J ^ 
;27 5 Jli J^ 1 *»*■**> 4r* U > U» 4^?° JjJJ ^ '^r ^J Lf 1 * J ^ JU *J 

JJ_ij jJJl j_J ,jjgSiWl i%**u*J J^ L^l! QLJull UKj . Ifry Jl_jtl tnjl ^ lijUi J 1 - 1 * d** «$ ; 27-5 

;i_£ 2kt JV*» Jjb i jl.j ^ L ^ ^ lijJ ' t U ^ t^ J U ^ ^^ °^ *** °' ^^^ °- J 

i_flj*ii Jijtiii i>c-i" J^^j^* 1 n JJui ^ j|j1 3LJL ^j)l L^ ($i iiUJ jIpj . ij^jJIj Jjis-Ul iJLJl d.jj> 
J! l^jjc j^ lf«iJ jjitk* iijJI ii* ill 

7i v 1, 2, 3 




rtA*llKljUU - iWil 



(27-2) 



^^ liiJl jj^l jU~. &l "^1 i^^l r U»i-li >UI J^ 1 £mhu 

rJjJi vw J ,A « n* Jj^ ^* ^^ Ltf"^ J^ 1 ^J^^ ^^' J,^ ^'j* 1 
_j£ (27-2) 3Jji*li Ll^ j^ y i UiSiji /Lilian = hlmv p! o*»j . ^^Ji 

(27-3) 



I2?t 



uU tiU 0^1 J^j . lJ ^bji*^ jiJB ^> ^J CjLS i>Ij i »j*3— II aijIJ 

■ 

Jj^jil j^iJ ^JjUu jLnj ly^ ( (27-3) iljbill ji m« j4* r, j u« & ^ 
, Ija J*e LL£ rU! jJ»>f Jjj ij luj^l Aljljil 6l>w u^l uMJl ttfl* J 
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( 'Lj'iil JL^Ij iiU *\yL« ) ijjAJIj ^Ul J*£\ 






iji—l < itf+JMiH l f J*f jjj jjl Ji li^_iii |j| LjiG UjL« jL*u[ Liilu 
^1 iSySjil ujjji ^jni jJj: ^1 ^ ; <^jil ii*viJI dJ iljUJ; ajjtffll 
oUi' lil£^ . ttfL JkL, iLiill ilyJl J U^l ttj* , (j Uf y Ojj^ iL+j 



™1 . (Z.Hf) 



fli 



(27-4.) 



v. &£-fijll kj— jL^Tl 1*1(27 4) ^ (27 3) i^jLJi J* $ U^ 

; fji S Jit Jai JLui 



r„ = Jj. s ri j i,tn 



B = i,a,3, 



(27-5) 



2iTfimfi 

UjUL . fLu; ■ (n - 1) L "jiu jl±i yLei jLi ij-aj j* n di4> 

h* 



i^ZehiL 



(27-6) 



: j-*w jJaJ ij-*flj ji-*j 1*3 n = 0,53 x 10' m j Z * 1 (j^jjj^Jf <jrfiiljj 
L-dul L^Ii: jiLj (27-5) tbWb Ujlliii tiLu! J»v jjJIj 3j5a*II oljljJLf j\ 

jJjaII JL« SjIjuUJI jAt ^j^Ju^J oljjJ |ji hffd\ oiyi Jj , j4£ OljUi 

_^r uLf ^'il'l jjji-ii-l j^ -J t^Lrj . 4j JiJJl si* j -j ^LlU 1*5 JaUL 0.053 nm 
/. ^_^jji^ j»Wl ^Uwll ^^.j^aj+JI Ji L£Jl 

jj.^jj-^j ^ AJlt oljjiuw 27^3 

4iU pjJJl Lfj ,^£ ijSJU* cj^i'L* IfJ <)j£ |jl it] (>i»jjA^Jl Sjj £jl iLlj jaJ 
^ ^i_£3 ;jjj_J1 oIILkJI dLb jl jj L# Lull j&\ <^u)[ -JL>^ ij . bjbj 

mM*&68*Wr M m) , »«1,2 

uikii ^1* ifii j^ui^j c jjSi! ojiui iy*- [ i M-ijijii 27-y jiiii T-tyj 

Sjill 4JiJjj , LjJ Sjj« iLilL ^j LUi^j ^Ji sjiLJI o^JbJl j>j JiJ Jul 
4 jI-j — . Lj 41 ^ Jj ! ^hjS J»>l 




:27-ejj-i 



-jtin; 
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( ijjJJI jLfc^lj Oik' I oLjJLo ) jjjijJIj vUll Jrfift 



4JM 



aj* rjwii 27-4 UjUI JLuJ &§ s i^JJl j4lj£ JUal LJ j£j i±> 

V 



(KE)„=~ 



Z<? 2 k 



2ft 



(M7-V) 



-li£ 



M>j3j . *JLj i^S A_yej ^U? t ^j> *3U» jj iiL^U (3»j^i!^i -lit*" 



(PF!}„ - 



(27-8) 



',-L 



.^ Lvti { 27-7 "JjULI ) n fa JA\ J u^t ^ Silb jj LiL^i Ijjj 

; a ij SjaUI iSLaJI J Ijifl U^l ^' J* 



A- 



j (27-5) jJjUl ^ I, 



(27-9) 



i>JI US *^JL jjS! r^yj 4JL1 ijilf S1U= ,>i Ja>^ 
. ( iljill ,> j^fljl yj3*l US 

: r^ LyS (> uiywJJ (27-6) 



1 ^fHit WfrV 



(27-10) 



: J* Z = 1 UjGi J***! Uli iljlall oia J ijj[jj| ouf^Jl *J $* ^^ 'ty 
p 2.18xlrt-' R J _ 13.6 v writ] 

^j&i u ^4-aSi *=i j]j t si yJLku^ ^)'i &l j» VU iUSJi aJUJi ^ 

. i^ 4j£f| ^Jii, yjs ^ ; ^ ^jlrfyJL ) *rt^t*Jl jjLUI j>I &i OllOl > 

1 n - 1 iJUJ ! i . ijiJJ sj>lj 5j&*t *Jl» jt^ « f** Ch ^ J^ j' ^^% 

. Ei - -13.6 eV jjU ^j if&j^ iJW 1 aWI »J* ^ ijifl *»lt ^ 
jjji j| ij^JI jj ^ U>j^ oljJ>. U teJ U^ J> lil *M oilS li, 

( 27-6 LJjUil ^ ) jUI p*5 O-Ai 6p 1 iJUl ^1 UIU1 SJb. ^LU ^ 

: jfl jjiJl 4?Us ^ujJ Jjjicj - 4ri p-oj 
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( ijjjJL jy&j uLhh oLyJU ) ujy*Jlj *^J' J**)' 






2 s 






-1.51 

-3/W 
-J 



-IS 




: jl*#l J#* J* oj&-j . 1 iJUJl 



J! -4 



- r, *] 13.6 „« 



(137 12) 



. LjxJI Jib 
, , .; (_* %* Jb: ( '%> Oljiil^ } »l^ll ^JauJl ol3Us JU J ^ V-^l P 

. 27-7 js^ ^ ty o^jj^ 1 «^ "^^j < ** WI ^^ j*y [ r^ 1 

o^UJl i±,13U> >uj sly>j Uyjf 1$ ^i^> £> ^^J y'j cr 1 ^ **<*•( A 

jj J Lti> ^ ijj ~*^ , Wj-j i#*i v"; ^ ^^ ^ "> J*^ 

-1.51 cV *# ijjArf 3^-i >l J ^ yl if1 n = » ^ ft = 3 u< '«i *^' 

:Si7 - 7 J^ ^ yil liJ^i 6Li ft wLijJ ^j-m jb|j3_i Jill ^ Ju*i J £*>j . jUlj 

. » = „ j B = 4 jj} ^ ^ ^buj ^ i . ^^ iai»i# uwllL &)-< uL^ 4U J i»}U 

si& cw awi iu ^ . jJi &># W^ <V ^ ^ ^' 



27-I.Jli* 

J LjjSl ^Lv ^ 3^y O**)^ 1 V &J* 1 fj^ 1 JLU| J [A ^ 



* ^bJl LI** Oj^ f - : ^'V 

.ijjJi o- &jusS$ jjy^ i> up 3 : *ikT 

Ul^.*lJ.(n = UL^IUJUI J 27-7 J — 3«tJl liW L ! :LilliJlj>H 
, JjjJI ^'uJ up iiit jJjI ja +136 eV ^ li* &1 J i £i.t = -13.6 |V 

O^jj^l^^liM 27-4 
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( 4jjjjl il\&i\) «IWI CfUji* ) ,]|j>rfj £jUi J*aiJI 



i^JL 27 7 j&Jl *j gflj j* US i /i = 2 j ?t - 1 ojdkll 0*; «WI iij*j 

JS - £a - Si * 13.6 - S-4 = 10 AeV 

^ j <-■■ _i> 10.2 eV Ujl* *_5Lb ^jJ uj-fl ijt iri Jjtfll f-*JI yl iil 
ojlfc-J d ±^ ^^ , ^*J . n = 2 *JL*Jl JJ * = 1 SibJl 6* BjjJl ij&J 
. IajIjL till i^fe n *S yWI J] ft * 1 *M i> ijHI 
£ = &-Ei = 13.6 1.51 = l&l eV 






.-.'•>. 



vU j^ ji ( 27~a jnii ^i, ) u ji* ouj a ,1&*1 i^uJi j>J« ^ 
_ L^tl Uify jj-^i ji»l*Jll ^ **£ ) *%fy V^ ^Jj 3 ^ 1 

^^^ , i^*£ii oUj^Ji ^ ijM \'m wi^ jWi *Ih ^ ^^ J +* JI 

Li 

oljJJi Ch j*M* J" jJ* ^ - ^ ^ ^ J 111 " ***** C ^ 

eiUjUl ^u* u«l#l J: J* *5UI ^j - ^ *ty> J! ty^'j ^.j 11 

JUJj^ij Sj*S O^iJM J»j (Jul , 4j iJ| L^ d^ 

Utfj^LJ^Sj^Ju^fl ^ . . . . ,. ' 

l^ fj^i ^ j>^ Al . £j^ ^Jji J! 1.^1 Ji - y^l fJkill ^#-r &Li l» j» W*W - ^'j Ji J^ 

^SL-Uj^ BIUI .- J^ ,, d , j 5 -J, ^ ^ ^ . iii.ll JiLUl oMU ^ "dU 

^ ai^fli^H iJi . y^l *isit ^1 *^ JI ^^^J ^^ ^ 
111 SjUl j«j il ^1 > ■ 3-4 - W = 1.9 eV ^ . o^WI ^U ^ aW 

, jfjjti 4-j j 1 ^ &] S| , ^ sit ^ y il^i j u^\ tin ^ ./ 

R = j j^l4I ^ Ifij^ $4 ^^ ^y^ j**k f^ ^J^** *^ "' ^ 
: UyJ ^ ijjj . fe/JL / uj^l ^ ^^ **.M fS 6$ &ffl "^ 

: $ £, j £i> Ji' pi l^>^ £27-40) IbLnll J! liWl ^ ^ 
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( LjjJI JLi^lj SiliJI oLy^c ) gjji*Jlj pUI j*i]l 



1 _«Vfc|mf i _jj 



(27-13) 



^>vu]i o'l'jUJt jj al^ij jjJI jSJiil ,>£ i*2 (27-13) iljLill &1 C*^>5^ 
J ±>LJ (27-13) ^ (27-1) UjUI UjIS* jj*j , U^j jUg oM ^5U 

: ( ^-jj^J it ) I = 1 £±) ** (27-13) 

2?rV*> 



fl = - 



A : V 



' If \ ' 



fJllJJl(t) 




llj fl = 1.0974 x 10" ra- J L-ys jL>J ,J[ Lj^I o^U*)I »ij*jj ^ u' ^ 

L<LJI Jjj-JI ^jJ& ji U^4Jj . Ulill i^l-il l^IUJI j* J*; U& uj^ 1 

: yfltS ki rH 1 W J| 5 L ^ J 



/l_ J. 






A *™ 



(27-14) 



0*» 



A>^ \ kH^ 






y J > 






: JJ J*« (27-14) DjUL ^Ui^'Lj i PJjiAJl Ailkll i** 5UL* 

lUuJ ji i jlJIjJI ^3 Liiyj . jL±J iU- J j^ 1 W J«tf tyrf gMl ^3)1 

t (27-14) UM\ ^ j = 2, 3, 4, j * - 1 Uk?-! ji 1<J* ^UJ *LL ^j 

,B = I jldLI JJ 






' [ tP^* f"J "^ 






J -3, 4, 



Uii* ^uoii LuuWI i>Wi ^ jJLj iLL ji J\ , ^L ILL, Ugl\ ^ 

o^U^^I uj^ ^ ^> JH 1 -^ 1 4iA 27 " lfl ^ l ^^J ' (t ^ 3 J 1 J> ^ 
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( VjiJI JuAlj 'tiU jLji^, ) jjj^Jij ^jUI J*iil1 




i 2j^l jl 10 jljil ii ^5^1% Lj^ ifcuill 3LU1 jli t Ji ^ , jkii 
IL» ^_J— j . 2 jiil J! 100 JjII &]*& U& Ml 3IM 0* mHs** jliu i 

JjLju jj Liiil Uii yiMjJI Lfrfyu ji Ia£ LjIHj «ijb JL IL-.J-. iLskiJl J 

j^ . 2 jljJI J] LL>jLiJl oljLil j^ o^Li^i i*^ fojjjl ^yi Jl^'i 

. iLaLJi iW jjji| J^JjJi ilj^ii ji ^j^j Ijjtj ; n = 2 jljd* J 

:2T-10 jLi *j-» SJ7-7 JXJI Jj j^ i U^JI ^SJ\ t'u jJ Jj* -Li^l ^ j^j 
(i^uJrtfl Ufiui ijyj" J-flUi iU i .,, : ] i ,. -i| -, « t1 k . MI , . ,.„ . ,| 

„ ^ i^ b^| 0> J J M^ 1 ^' J ^'J ^ ""-I C* ' 2M1 J" 1 J **•*> **** \W S . cj>! 

JsUwJl J5 cjuJj ) ^ ^LL upi ^ u <>■> . Jl£J*Sl JjJiJ ^Lil *^J| jj 
JU^I ji ^Jw . jjJJl ^ . Jjj Ui c jib *ULJ ;_Ji[Hi Si u* Jjbi ( U ^ 

jl jJLJI u ij]| lj_6 j_t Lipl JU^-u iljjj jl ^ . [ hh .i i j . j-a»1 jUj 4LU iu*Jl 

ijtll rtAsj^^i . e jC : li : kr. : m ja Ji ui cjuJ* IjJ R Lui » : jlj>I : jj-jii 



:27-Jl jid 



> 
li 

3 



-iti- 



"t»+ i 
vii. ',■., 



fJiolJI^lUlJutaJ 




-fl-l 
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{ ifjiJl ijlj^flj 'iiM jLfji^ ) jj_hi*Jlj .(uUi J*?iJl 



27-1 jAmjj JIm 

, &£tj UX ^ wjjll JaiJJ j*jll Jjtll i*J 

js^l, ) r =3 awi jj ^flar* $# to && ill i ^ : j&* JfoaJ 

J^j pJ ^J . ft = 7 Hl*Jl fr ij$\ J*** 1 Lji * ^ ^ ^^NJ - ( 27 - n 



.J* (27-14) UjUil > 



1 af 1 r 



Jj_fc >*j i A * 1005 am &1 J^ t J* = 10W74 x 10" mr 1 Ui j* i>^Vj 
, 12S1 rsm : 4jL*)II f gdtj ILL J .^IjJlUJJ ^jll Jjkll 5* I- : ^ 






I) - 

-WW 

-10 

-m 

-10 

4fl|- 

-SI 

544 






27-2J^ 

l*L; u-j f. — .ji ( i ) . ^ju^ 1 3jj an^fli -ill- &-< ■ ^ j^) r| 

. 4> UWi ^ ILL ji ^1 

" ft2 B S 

I 1*^11 JljL^ jib ilLL *W* ^Jl I- : JV 

, ft = 2 iJUJl olc ^ jil uLDl ti£Attl ; ^3$ 

j^yi oj^l £& lilt J j> ffi iiWJ «jLJi Mi J* :^JlWij>JI 

Jn ii ■ JkjJj3 (n * 2) iijiiL— Ul> JjU t dJ J jk iij|^ . t34,4 cV ^ ,J?U 

, 4JUJI ^Lj^ 27-12 J^iii ^Jdj , 13,5 eV , ^^j^JI ^^ / iJ 1 ^! 

n = 3 ^ iJHtilf >Ui ^1 ^ jIW U-L- ^ ( j*>* J> J>' ) ^ J j' yJ 
:27 12 Jii 7,6 eV ji -6,04 eV-(-13.6 eV) ^j UbJl { i* Ji ijjull ffitffj . a =2 jl 
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-a = \ 



( hjii\ J\£% iSUJI *bj^)jj>iljg ul J^ 



k. 

" (7.6eV)(1.8xlO- ls J/eV) 



mil 



, jjg» 4*>j r *M ^ ^ *& J ^' * ^ J ' : ^ 

-i ■ L< 



205 run : SjWII 



^jjJUfJI ^UwIJjIj 27-5 




k n 











*r ..< t ) 27-13 j&ji y i-w W> J ^ *^ b ^ ^ 

H ui ( i^jii i«to *>*<!* ^isb.j^^j 1 * ^M^ 1 
^ u^ k) M ^ [ '** w ^ ^ ^ J * " ^ 

■ r ,-ia j^ ^ * **» ** < ^ *■» ' ^ ^ M * ^ ^ 

. "jjjl C3U« ^*>j J^ 

■^pi ami ^ 11 afo dJ tf« ^ ai -^ [ ^' -^ ^ tol 

j| 27-11 J£dl ^ W ci1l»« d» ^ ■ >^ Ji -^ -^ ^ 



|9L 4 *? Ml 

i'B- 
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{ lijjil JIjJjVIj AiliJI objl^ ) yj^lj tjU J^JJI 



'*■ t.iin'l |J 3 ui+ij _J jjJij 




n » 2 iij3-Jl J| n = 1 tfji-ll <> ijill ijlja-y ollJ i ,> ^ii Li (121 jB nm) 
jj_b-^l lyk3Jl & j/l ttl& 4«.jli IfJljti ^1 dbjSjtfl j*^ jH Ji% 

jj3 lilLJl ,j_. jji L. o'J^i oifJ u! J| ■ Lf*^ ul s *! L 91.2 nm «aj 
.ft* £ iy> ( 5_^JI ) iUyll utbJI oIjjU iiiU >Ij JJ l3jj3£t| ^ 

j*L-u l_LjJj jujm UaIs &•**£* Lu LJuj y ; Jj Li ^1* >ljj c y-il LU£+i 

u i 1j . L^ y*-, 431t <JL> ^ SjjJl SjL^^ L^Uil iziljlkjl dllw ^ LpUjSjJ 
Sjiiltll oUji^Ji j^ L^Uui A^j c?W ii-JL ^ i 3 ^ s.^^ 1 *a*jJ! J'^ 1 
j£ jit J*_,j . L^ r u oU? <IL* ^ 5jiJ< Sjiilj^ L-.LJI ^UaJi dta; 
^, ^Sl L^_jiJ Jl^l JSj . ji^i ^Uw^l Jj> lit ^Uu'Jl JJ? J^ 
J_i>ji ojUl |j_jji J^vj o^yJI aia $ ■ LftfLaid *Ij Jj-* jLJ tLJ- ^> 

^ SWi si* ^i u^u,^ ^i* jikij . , iLoiii aitJi 3ai« jib jj ijjisi^l 

^U,^l J^ . 27-18 J_£JI J 1^4 c*^J l-LUL ^j . i^jil Jljk^l 
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' 



( Ljjjl JUt^lj ajIUI oLjL* ) oj^lj ^'LJI J^Jjl 



■JjJjiL <L*jL- u| . 1/ L Ii 11a J u^Ldilj . LUU 4Lu Cjulf 'j_ "}'J JJ-^ 

0-* 3L)fi IjJ* fll ^**j ■ J*^ oVUlj ii. - 2 ilUJI ^jj olllasilll ^j, JUi US' 
jlf I jji oljUl ^ G* %Ji Iai* (jls i /[ = 2 4JWI Jl>j jJJl j* oUjj2£I1l 

CjlL* J] Jl = 2 4—IUJI & Jjj^ijl Lfj AJjub Jti\ 4JUJI J^LVJ ^ IjjB |^L 



27-3 Jis- 

Ji_ u -ill iLJoJl Ji JjIaj liiyla J ^'J J J 1 '" 1 ' V ''}** -^ "^ ^""" ij' fH F^ ^ 

^jti JtUl j!^ ) i&$ JljL^I j* L . a- 97,23 nm ^ Jl <U fyji 
* jaj Lji 4iyj jl oljill oijJ ^ jti\ ( 97.23 nm 

! 3jjJ! & &4UI ^jil JjUl jj^ ^jJI ii*li ja U : Jl)- 
oLiUaJl j-t LhhII oU^yJl ililL us^ L, 3I . 4J-LLJ4 *IL b^i tj| : lA*$\ 

V jjjjiJl jjLaitl 4jJ*c ,> tjUS-il UWIj LjUJI /: jUwI J8&*j Jj£ : Jljw 



1 



1 1 



f £%tji L#^ p jJl ^j^) ! l iftifeBBJil j^*- ^jJi Li : Jljy, 
jl Q^Sp ^ l J! ja-jj ^1 » ^ JS a^tf* ^ ul ^ - ^^' 

. 97.23timo>jjiJi 
ijj 97,23 nm yjJjaJI jfeU jJl fjiio— Jl *JWI J^! ^ iliiWlj J*JI 

E 

: JLJI _paJI J* ^LjJ iLL <JjU* v^j 3 ^ rfl 



!=1- l 
1 2 Jtt. 




- j^ 


1 


(1.007* 


ID 7 m ^(O^xlO" 7 m 


n 2 = lfi.O 


n-4 
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O.0G25 



( iijW Jl^fy iilWf dUf^t ) ijji*Jlj ,wLJl J-aiJl 



1 ,>n = 4 Jl b *l 

2 1 >;i = 4 J 8*2 

3 0»ftft'.3 Jl n=2 

4 ^ « = 3 Jl n = 1 

5 ^n^2 J] n = l 

(3) j (2) L,i i *\y>}\ ojJ ^b ( iUJu ) ii^*. ^ii JJ j* (1) (J, (tertl 
. ^j^Jl $ ^U iLL Jl (5) j (4) ^rfsj ( ^jUjMi ILL ^ <*L> Jli 
1 £2 = Ei/4 = -3,4 cV, Ei = -13.6 eV ^ 5UJI d^jiw uj& IJ* J*j 
cAj0 ^yO jJj Uij ■ K * = £ i/ 16 = 0.B5 eV j &-.&A* -L6I eV 



1 i£ = 0.66eV 

2 Afi = 2.56cV 

3 &£*%&& 

4 Afl-12.1eV 
G Atf = l().2eV 



A = & = 187H nm 

A = 4-Sfi urn 
A = 65Gnm 
A - 103 nm 

1-122111H 



5j jJJ L>yi Ljfiill 27-G 



U£ , ja*jjJ^I OjU b^^Jl ulkll oLyi-* - Hub IjS, ^ Ojtu Us 
itiii-li . fr&l jJj , UU )i o^^j^— )t ^Ij J *^ tfM JJJ 1 r^ W 

^ytfjl jj*j j^lL tfiJl jujj oJjil [Jyf? -LjS £»'- ijySM ^1 i^J-*" 

!LL^ Ij^ &1 &-»^l lm 0j-^ **J - % Wjilli i**3 i^b d,lx* Cm j^ 

JjJUJI c^ ^ij J^ l5J oLfj, JjU uL*; ^ ( 26-18 ^1 ) ffrtf 

, ilyil pjItS a** jU»i ji J^>r I* &)3^ ^' 

LJjj ^Lf J*tf i^li J>'j (*** saA*j* t#j d 26 ~ 13 f^ j > j® ^J 
j^jy >jfa ^ JS &i£j . 4 (^1 ■>>*} ( >^ II ji ) ■!&•* ljJJI 6^1 jl* 

ULs. jj, ujiMi uh^ ( ^^ $i ilj C" ^J • w 4 V-6* ffyfJ**^ 
UIp iLi' Jilj ( l+Jii >5 ^ jil ^ f»j| **» J >^J - ^ l ^ 
^ jjii* Aj ^yJj <^5 r lJji ifc^ ^rjjJ^JI 3 ji t#j ^' 3^ ^^ ui 
jl* Ujj jl ^' ^jJI Jliii 0!* Iia ^ lt^J • j*£ ^ ^ & oL "^ L - 1 
. U4« ^j_, UU jJ ipil :^" U* i ii jj^^ -^^ >^ **4*J jJjU 
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( i^ili Jbtfy A*W1 *LjL*t ) i&Wj «LJ' J^ 1 




. Sjill JJjJ 4jJuJ Jl o'JLiJl jl*,^ t*wJ)j>i <JjLm 9JLHW 

13.6 






eV 



ji.jJJjVij'iW-1 



:27-14 JU 0iJ] ifjJJjJl jUl ft* jyi** Jii ft = 1 joaD >Ul ^jll Jiill J^i, 

4_*i>ii *_jjjS *j-Ji JiU i JLLiVI LjIjJj ^7-14 J.&JI U .JijJj . ijpSI Jj> jSjiU U^i# 4^1 J ij-i* Jilj tj 
^^/^^£ ^ ^' J*JJI ^> uj^l JUl>l yii ij^l Ul i Ijtf! ^ L^- 

ijii ^jilil jUl lo^ JjdUi ^1 ^1 Ui . Ij>Ij Cjib ijli. j^i lSJJI 
ijjffl J Ltf i u*»^ uw j5* $##* - ^J JJ ^^ * J^ S J *&* 
."^L ^ j*^ ij> S7 r JS JtUi #**j ■ ^ ^P 
"dbJi &j j^ lie! n = 2 UUU Ls»jll i-jkJl v l^C J JJ! y^ 1 J&Jlj 
_^=y wkuJjn. = 2 ilWI ulls l*J by c$* £3ti ^Uoi ^ ^> ' a*l 
3^L p^j *kJ$ t U3 ^ jeJ n M J'^^ "j 11 ^ 1 % W *'W "* 
jj^j i j^l titj^ 1j ., Sjill ji 4i]^u ^' r ^ dj^lfi Jj>; Uji ^ 
v*ji ^i^ jk Li jL*. ji il^ d Js, frySf i ^IjIjII ji oljUi L^k 
a * I ,2.6 ^UJi jS oljSJi w* ^ 27-16 J£SJ1 ^ , ^^Jl <+> 
tU oj!j| ^-6 \'i\ Jby^l Vy^ >j^fi ^ Jj-a*J j i^ 1 ^| ■ bt&i j $h 
:27-16 Jt4 U ^ jId JilJl **UuL.' W j^j Jjmij t i*^ j*± ^j jj*-i Jj> J^^ 1 

i jjkj; ojti jLtj jJ j^vmj JS^ L^ j^JI ^ J DjJJU ^LUJi cjly^i Ji ^ 
L^i ^j jjll ^Uj . uk w*i jJ _yiw o-jj»l Jill fl ^jil j*SIl J-^' d! J^ 
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i.ijlaali 






1 



( Lji'l J-LL^Ij iJUJt j1jjm-u ) Oj^^'j yUJl J^l 



:27 16 Jti 
J— * Aw .^ y4j .;>** Jj* r-^ 




jLwSu^J Jjb Ijlwj O4SJ! jU^I 27-7 






E* = 



-13.GZ 2 



cV 



DjLu Jj. jJp fji; jjJI U*^ 1 3 jj-*" J ^i « j*jf jrV fli*l-rlj i*£Ji 
ll^Li I^jLjIjIj Jiw 1 ft jj-JI gl ^ ^ jjij i*±uJ1 j^ J[ tj-*) 3 4 j^ J ir 
Lr 4J1 jj_iJ! tJ *^ ^li J^3 ;> U/j U5j . (j^jjJj+JI SjJ *Jl* J-jJ Ijjj^j 
jj-dJ jJj . ^ JupljJy 5] jj^-^ 1 j^ J^ 1 ^ lSj1**>,[ yj . j^HjJI 
jj_j*j ^cjjii jK ^ 6^^ &>\> j 1 ^ ! *>Uj «■ jjaJJ iwi J^ D 1 ??, 
14 JS J Jlij ji ^UJI jri 1 ^J £■; . ^ Ul j*JM j* M US t M a*- 
Ujitj . aljllL k^S ( lL*i IjIij Jiltf jj Iju ) iV* iilt ij^>Ui " j>U 
Ji? liJ^ <>i - "djLJI ji- Jl* # t ' W»- 1 n = 3 SLU I j^ ^ i^i b& 

. n = '6 ljiSi\ ^i j^_j* 

^jjj* dUa ^i JLe 4j*^1I 4^uJl ^j . : j^>J\ j&\ JJjJI **tf kjniiJ f*"**ll< 

, DjjJI J_^lj j,UJM ^J* &ij i^l^J p! ,j-^ U+4JJS <> ^ ^^*l te<£ 

UUt f-aJf jLi l 5li i n = ly^ UjJ*i . in - 1) ^l> ,> i J« W^ 
Jw»>L . iJUJI tit J 'i - 1 = 1 6! <^P- 4 1 j u*«i*J' ^H ' 6 1 ?-*iy i^ 
-1054- 



( i|jjJI JLFflj 4&JI *Ijj*** ) jjji*Jb #us .H 1 






: + 1/2 Jffl 



n = 1,2,3,.... u*Ajl _ o t + I, + 2, ±3^11111 jjJ'iiij i 3 jl ji-ii i&" **Jj^I $ ■ ®* 

' = °' l - 2 H_i J jUJI lj ( « = 4 jjJJ >mi aw ^ j bsj&y &£ ^ ' <*>' y«J 

^i ^ u^ t JU^» ^ ^jji^! J^ (18) ^ *ijP d $& 'j^ 1 

fj = 4 iJLkll ^jIjj 

|y* ^UU ty i2H*i.^ 1 4-fi i^SIJU ^ M $» ; f^ 1 i^J 

JL*)£ iMi llj . Uj« *-*j* j- 5 <-* ^>* JJ^ ^J*"** { ** J >* *^ J - "** 

, m, '! ^ uj jjc ,&$ju c** A &>*$ *« J*** 3 ^j • ■**!> ; J r 

iLjrfl U.J k*UU ft-L^II ibjU^I ^ ! ±1/2 U* j^ brf uSJ 
i,jM l»Ji\ 4*£l jUp*JI 27-1 Jjo*JI u4% . jUHj tljl>11 Mb Jj^ 1 
U /Ji > ty& i*^ JS jl* (jiW J>- } , U Sjj ji b}p\ *JL* ^ 
. ^Si £JU U ju* if jfli J* j>j yu ^! *JL> t <*S! jt*i 

i^i^ jj-t J/J J--JJJI 4_»U1*" 1925 f Lp JjU ^Mji |JUI Jj? ^ 
^J , jU^l-W JjU I±juj Jj^ tf&l! JUI ^ti^l J! J^rj ■ ^jjJ*-" 

*i *ii jl oyjS'l i^ 1 JU*JI ^>*^i ^ liWi i l lj l ; </ t^i^l j^ ' 



, ii^, j ^bji l^iiS rJ i! Sjj ji i ^'ufi i4**j ^ sy j> ■ c^ju^* *? 

*[P J_>|j LJU^ cilj^fl «^ ^ UjJi W ^ £^J j» ^' ^J 

^j . ^Ufl iijjJl ^i Wj M>Ji ^ ^r l^^ ^^' ^ 
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( Lj'j1\ jLJstoj W\ &Ly-» ) jjji*Jlj «UI J*iJl 



(>5jj i JL>yiII jjjjLSJ^I iifj Sjiil LftUi^ji _jjl j-^ijJl \ZlO> fjjL yl . lUj 

ji L^iill -^jij -zjLijjiH^f ijij ijui » : ^ ,jl! i-jil *Jsj ,jjJl JljpJl y] 

jjij UitJf i^i ^ijjui ftftUi Jij-11 *« ^ Wfl *&^ ! j^Ijjq J 

, &_jjjl JJiJ Z jjill jjmJI JjLm \ UjL«ii ijj Li ji ^bj^^l ji£ ^j 1 

. LmJsJJ iji« o^ll* Jji J ijt>« i Jjliij-p oi t^j j» cjUjjjiJ^I v*% 2 

, ^ij^li LpJL» ^ SyJl ji &&■ JlLj 

^l-i> ) Ia-^I i_i*£II jIjlj.^1 j-ii HWj jl Lt 5jj J j^jjlilj ^ il»j ^1 3 

(Z = 1) 6*>jj^ 

j_1m Jy.^1 jjjl j_*j i li = 1 Jy~A\ ^ ijill JJ+J J^illl |jjjj£W J-* 1 ^ 

. jj> J jLuVlU JjLi Iajj uj5j II Ij^jj [ iityy 
i27 2 M . (Z * 2) f^jsjLtfJI 



1/2 1 i o pjJ3 ^jJi t 27-2 Jjj^jOI ^jJ ^>t y» US 4^Usi# ^ ^' IjUf jliil 

1/3 1 2 ^j 6 H tf 4i *i jmIl = -\ ^j^JJ L_JL kii *&*U iuiJi jb*il oLt«^. 

JUjj i SJIfc S^-ii ft jj*JJ iui J5 ^ ^ . j_jiJi lis ^ ^IjL ^i dJU 
:27-8 Jjif' 



M, »U 


( 


n 


CtfjBlf 


1/2 


(J 


1 


1 


-J/2 





1 


2 


17S 





2 


a 



(Z = 3) ^1 

ujj^U^I IL» J iy>j - ( 27-3 j^l ^S ) n = 2 lulc jil ji i <JL" Ulb 
yi jJJl Ub Ch JUift O^H ^j^^ ^J $ ■ j w <*U*H lijXuM y J^*>i 

u^ji liLijJt ^jl>i Ij-al* i .y^iJl Ji^ jU=y JJiJj , , ^-ij "£ft~», ^V*^" 

. ( i>lj ujjiSJ ^jJl j,i ) ijyUiiSJi oUJUl 
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( LjJJI JLkty iifcll dip** ) jjj^lj p Ul ^ 






I pilj i ^j Jwj . ♦{ 27-4 Jjj^Ji j6il } L»j« o^ IS] cjfy*i jil*J 1*1 





1 



1 1/2 



& | Jl libs ^ o-l ijJifl fl] ji . *VStl ^^ W ^l#*l £^n = 2 

1 -1 + 1/2 ^ ji^' 1 ^ jUi ^J ' Z * i! r*^ 1 >* 6AV ^ rf331 ^ ' ^ 
*J LIS JjJj(J1 J I ijJJI A»d 'j«SI ^ oli /^ ^ ^ ^ 

i^j ^ iiiyi d^u oa tfl^i ji JJ ^ j ^j < ^r^ 1 fj* 4 * J J^ 






27-2 ^j^ji J!« 

.(^-37)^^1; (2 = IB) 

D- ^ jr* VjW ^ J ^ ° W J^ tSft % ' ¥#« ^ 

cyli^l U. % l 27^fi J,^l ^ ^ ^ US . MJ! ^ b* *^- 
^ oUj^^ dJs u^ "^ l^ jl -^ ^ ^i ^ ! j» ¥1 

i<j ^i dun Js»a- ^1 ( 18 ) ^ "^^ *y ^ fJiW ^^ ul 
^J lj ^ oUj^! ^^ i^j ■ n-^i*a WV* ^ 

Ji>: L£ t / = U , n^4 wfl 5/afl l*i* u^l>rf -^ * n = 4 ^' J! 
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( IjjiJl Jt^lj 5*LWl cbjl-* ) ujji^b ^L-Ji J--ii1 



a7-& J.jwJI 











o^L> AA» 


?tl>. 


mi 


I 


n 


d^Ajltl ijiiH 


±1/2 


a 





3 


2 


±1/2 


-l 


1 


3 





±1/2 


n 








+ 1/2 


ii 








+ 1/2 i 


-2 


2 


?. 


10 


±1/2 


-1 








± 1/2 











±1/2 


+1 








±1/2 


+2 









. J_»lj ujj 1 ^! j-^J ■ f- 1 , ft * 4 4-f/JI ij-iill ijlji-l ^Ljjj^J] <j** J**j 
jjU M^J#JbH iiLi £ LL—J ,JL±*-3 JsLjjI jJ [ jjlixll DJj^l j*-y ) 31-jiJl £j* 



^j Li Sjj jA-b «ytfj^3$£$ iij-S ***** ^L? - L^ij US'. jLiui-yj JjU i-k- Ui 
kjF i_ Jji u^^jSii'- ^j^J jf <l\b 27-10 5JjL*LI UJ pjJEj , I^ijSl liitU 

^ j* aUjjsayi h*m» »jj j» ujj^i ait 6^f ^j ^j ■ n t*j iJUJ1 

6— iiO jjjJU u-JJL iji-i- &*£ ^LijDiSJ}"! uh J^^l «*U> ' J J* 
■ j. y^ aM> {>j£ t {Z = 30) t *>U* t iJ#J ai> ^ki , n « 2 j w-1 o-iJL»Ji 

13.6Z 2 



E B - 



cV 



.±2,240 [jV 



(Z= 79) w^iU 4^-yb Ij»-hI ji^i j3j1' «^y 



E, 



84,900 



eV 
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( ijjill JLJs^Ij UM aby^ ) ujj^'j flW J*^ 1 



is»lijjSnfl 6* ^.jJ^I J^LajJI 0131b aijji Ity ( oJ> sjjiffifl i* J^l 

oljUJ n - 2 j ji = 1 lxPj^II J frjujll i&IijjtfljU "u-JL LijSj o^a 

, DjflSI <oJJ' j1j*Si ofj 

I 

■Ujj LyjJI U>JI |> Ij* ^ ^j lililJl olj^JJi oUj^J j+Jal* 1 ^Ijl 

Ljj^ji Li*aJi * ^ * n = 2 dj^JI oUj^i ot* ^j * M J! ^ W^ 
Li*jUI jjj . ft = 3 3_rUi ul^l &J» JiiLj < & fy ^ (2 - 2)e ^j 

fi = 1 i^aii ji CH^yi owu?^li y^ dUjj (I - lo> ^ i^i 

!f j>Vl ^IJj^i $ J&i 6%, >^ ( l#*v m oU^iM j >'^l >l*sll 

; '^i ilJli J] jJSL-3 £,1 £m 1+j^! l*M itlkt-tfajl ijill u! 
^ 3Ly I ^ J^ j^i jj- glM H i^jUJI wljWl eAij^l ,>i «Va 

^j& Li^i jj-lj .jioujji "will j>^ of j* ^l^ oJl ^ ^j ■ ^j* ^ i*^ 

^Jl J^IL^ i % ■ 27-S JUI jJ UUiij ^1 ^ J* a> J! <& 

, fi> jji« j oiti^ Jj JU*jliJ^ s^r*!! ^L;*!-" iw ft» itSil i*# ^■^ 

1 S «g ( r = ] iijiill fijl 27 2 ^yll JUULI ^ "^*^l ^^j ■ ^ ljJI 
0jJ ii]j jjL^i ^ H ^ i*j . ySUI jj illjil 3jj iiU ^ iM^ e p n = s 

, ih^^t 1j^ vv- 1 ; O^* 11 n = 3 J' ™ = 2 O^j^ 1 C^ J' JI (« = 1J j^ lj 

UM ii»j '. . Jl ■ 4 S^ Ji >a]U a^tf&l jVU ^^- ^'1 ^ - ^ 

3jJ5 iLi ? l±#l\ iJ-t iji^ j^wj . ^;JI *JU ji 12,000 eV ^ J| >: 
yU n =3 } tt-2 6^^' JJ*! Ch t>i^l C^ ^ ' n = ] ^' lS* ^ _ 

1M ^Li n = I Ji n = 2 ^ 6j>^! V I* ; J! ^^ Wfy y^ 1 
■27-17 jLi ' 

,^aa o- 1 V^ cJUj^i Oili 26^ ^j^^' JUJI ^ j& JJ. . 9000 cV ^ J J^ A-- l£^< ijljill 

jSiU fJ J, tf ill JJ+Jl ^ ^U (j 000 eV ^j^^ y s 124 nm j. J I ^ ftX 1 «V 433U> ^ ill jjjyJl ji 




"ij>l... 



3^uil*H3'i.;JuL. 
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( AjjJJI jLilAlj ^ItJI 0^ijL*j ) lijjiuJIj aUI J**JI 



A = 



1eV 

9000 eV 



x 1240 nm = 0.14 nm 




:j* 



jj; jiij ^41 "*-ii jjt^ Jl ii j P i k*b* z °° V ,y ^* ljjl ^'r^ 1 

i»Ujj^Jll iuujij dy> i Xfrtyi ^*i"! **ii ifjfj* &j5b 27-17 JiiJI ^^ 

jjO tij-ii c^Uj^lli^i UjIp; . oljUJ ^1>IjJI cj'j-a)! j> oUjyill ^ 

jl J** i BjJJI y» i*!^ ^'j^ 1 ^* ^ LW| JJ* J** 3 ***j* J'j^' ^^' 
^^jU; j^ j-J^ jjslt &M ^Jl ^jLj U UUJl cm J*^ ^^ ^jy** 1 

uill yi} iJ Jj jliy . Ijtf I Jl ^ Li^l jj^^ k^\t «i lj *% «j^l 



l l 



D.CM 0.04 (1,12 



:27 18 JU 



i| *inU ,-'i ) 'j j^t' ^IjiLili >^J*N 
, 35,0011 hV 



J ji *Lu LiKj Jjl^JL; L+*1jk«l JJtf •Lttfl L*J i^ L.j^ tytfil olij^Ni 
ilit jj *UiJ jj-sy iU% t ^LU«j>i cl>j* gUJj ^ *J^*i ^JO 
Jjjj ji u^-ls^ J^JI iiu*I^ J_jJ tUw)l ^j-"^ Uii* ^JjJJUl oU|/SJll 

jjlj- ifrl\ u4| 5-J^ ^^ - <Ljill i*iTl ji "Sd . L^! **J' <^* j» ^>" 

, >^ hirfj i* iiltiil ulUJI j^Lij >iUJJj SiiiJI j>Jl 

^-ie dn. £Juj JJA ji ^^1 ^^ ^ H > 27 - 1S ^' <*?** 

*x&\ U JliJb jbJjWl yLLJJI . 311,000 cV LpU. cUjj^L Jii » ^jil 

n j r - 2 j^yiiil |> n = 1 fj^iJl JJ ilij/Sl?! ^ M>^ ^M 1 ^ ^'! 
pj j^fl Ulkil lSj JL^^i j-rtl j*jll J3UI ^ ( Ji^Jl *-*J-jj ■ = s 
1 iill tpii^i f kffl >e If^ll j* ^/Jl **$!} . n. = 1 Jj « = S i> JSSVl 
ol5j^VI 'Jit ^ i^>^ . ^ 6* j##l ^*-*il Jl^'l ^ lS J* ^ ^ ^S^ 1 
1I1 ,>. ^1 dlk o^> j» O&i ^ : MI ^%3j*f $ 1 35 >^^ kV ^^ ^JJ* 11 
1 eV ^ 1240 nm ^jtt J^LJI j' j^i JJJ' Jj**^1 Hj*^ 1 I i|J s M 1 
, 1240/55,000 = 0,035 nm jUto 36,000 eV ji t!^j] ( 2G-4 j^jjJI Jlill ) 
jkfc L. 1 J*iJL ji ^jiJl ^ «lt j^i u!^ 27-18 JiiJl ^ ^j j» ^i 



-ioeo 



r 



( k,JJI Jl£% vlUl oLyi^ ) ajjiJIj pLJI jrtifi 



27-3 j>$0y JLu 

. 27-18 J£sJi jiwjljJi 

0.070 mil jk BjLJI uSJl J 27-l« Jijjf iiSU* ±i* Li*l* .jit) ; Jfe* J^l 
0,070 nm ^^1 djb ^Hl tyjjijli iUilj ; n = I jl n - 2 JlEi^l j> o^jj i 
>i = 1 ij-iiJl Jl n = 2 SjJill ^ k^ Ujtf ijjSSJ)'! btjiii ^]l SlLlI J**, 
12-10/0.070 LtJji, utl, j£U; 0.070 am $ , 1 *V >U 1240 am $1 ^ 
oijil &Jj4Sl1 0*1* ^ iiLbJl jjj ^ ^| jjSIs dl j ^ . 13,000 eV *>; J 

. 18,000 jwfjjJjl I 

jtUdl - u^W - yjtfl 6^M\ jj L.j J Jd^JI ^ M ^ ^ ^ 
, 0.114 am > 0.n%nm : 4jL*YI V ns.1 J n»3 •$■ Jfaff] 



jjJU>s 27-10 



sjjjif liljj j_? tjjLJI Sjjiill il^ll ,> ie*t*n ,> jjUII i-j-sJI isjp* yjili 
oli ijj-UI j_*>j *jj *_tj*J L^ll ^L* jJtl £jj£ ,jj fj\ ^ . ^^jJl ji4^ 
t jikll ^ JlfcU l^J sjjiiLl oljiJl Lpii yjlll otf-jl) ^ 1| i J>lj r ^jj Jjt 

jLi i A jj> Lp*jj JJ ijw ^>\$ IjJ «jl JJ ^La>^l JJ>jJf j^j . ijsjljj* 

. AViV ^ ot*}ll Oii Jjj /^ iV ,U£ JUL* ,>) L»J^I I*jJ| «»„, 

*yii\ oL»-_j* (jlLt| J_i* (>ljU iljjJl Jji> HlU->[ Lui . lit *t . ^j^il 

cj_*jj>Ij jj_y i ^jj; ^L*^ll iiixl jLi ^^_t*j ; Li jjjji j-ajm ji jjUl jj>j 
LLljlil ^L^jil ,jj W jjljJJ aJLumJI i*jll iU^ jj5w iSilP . <LIjjL* cjL*-^II 
LJjIi fi[j , AN jl oL>j]( oU—j ?ja^v» ^Alb Lpj J£]j jjkJI i liilllj 

jJi jjjl%jl j^ -U^Ji jjj] v^. J . AViV Itw' 1.1 ^ C'L>jll i«_ iu ihJl SiS 
— ■ =U^ CiV 

i^ipj^^UJi;^ [a4NJ 
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( *4^\ JUtVlj SitfcJI *L;y-M ) Oj^b £^1 1W 1 






1 *■ — ' 4' 



#fl 



L_U.'l T_l£ , ^ "Jij 



yjil y_i LiLij—ixiiJI _s ^j 4_L'_j1I liiLvj+li ,Jy* ^J— « j^;' f-^ rj 
Vf Ijl^j jill tijj*s)l o* jji* j*j ) jj^ j*-- L* j» j- 1 -^ 1 ljJ5 ti^J ■ J<r^' 
, ( liji*:^ *^V- f^P ^^j^ 1 i4iW*1ll iis-lji *>*" j^£ - ^^ 
Light Amplification by stimulated Emission < if Radiation 

friiU ^ : 1917 r U te^4 W] J^ (/" ^^ J*" 11 ,:us j* f^i 

b^l* jJjI 45l^ J^Lu Jl jui Ji &*Z*s J 'j 1 ^ ^ j* ij J*jN Q, J^ 
^j3-*> C>H ^ J> U ^ ^^ U ! ^ ^ L ^ J &? ^ ^ 

j*M 27-19 UAll _j Uiu i iw^il tfUifll y* jIW L pJI y**)l *J>j 

ity> d^j. iii*Ji iuJsi ^ ■ jjfllj '^ 5J * & "JlW-'Sl C&* *A* 6* CS>-J 

f-2 <-il Li Sjlii^yJ *L-$ Jl^ £jj£ $ $ &fy - ^ L ^j* ^ l £ ^^^ 









-4— *— •— «-N 



if * /■„, 



^iiifui 



J I -■■'3 



£ 3 

7 

i j^ # ^w-w ] CiJ v* jij7i ".ul 4J Ly 



_jj : DjSj-j* *Ui UU ji kiiijj jIjSjL-*I UU. Ljji JlL ii* SjliiJI aJ U)!j 

jifi .J ( ( V ) ■ t ( t ) 27-20 JSwi! ) £a ifi^* 3JI* J| if] ^1 &W Ck ^ 
[^lit j^ ^ L 3>d JUa J^' ^j* E 2 oj£UI v^ 4iWl jl cMj^ffji ^ 
iUjjjfl^l k^jS ^ v^ 1 Li' ^ j» £%>*$ fflj? Ale Liii U, ij^W £i J! 

■I* ^iL^.; (--) 27-20 J£ill )E, J\E*& & Ji 6j^!^ J* 
( ( j ) 27-20 Jiill ) jo-LJl jj cm jjJ^j JwLJI yjJjiU] JjLki j^y SjSil 

^^ aj/J l^yi Ch ^ L5JJ1 i uJJJ - ^ j}^ *^ Lyi JJ^ 1 5 >^' <> 

:87-S0 Ji-i | ■ > j [ ■ li ^ 86% ) r> jifJl jtt lh W> 6* 15% > iJ^J k ,J * ij ^ 

tpl^^^f^ *> ' '^ '^ ] ** w *^ ™ ^ ^' •W ^ r^ 1 n 
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ji-tJ-ulfdiiijO 



■■-WvWvV+ 
/ AAAAAAV* 

-** £, 



Aj-^JjJ 



I 



( O, JJI jytoj olUI oLji^ ) jjjAJIj ^u J*i)1 



I 

■lit 


















■ 



^j rJi M cJJll jlj^l ill* ^ & j 27-21 JisJl l^j, EijE^E 
34.61 cV jk *fc, ^ cijii jijiL-Hi UU ^Ea Li « £u jjj 20*81 cV ji 
. E* JL.! 1.96 eV j* jjjjjl ^ eQj 441*1 Jl«" Pi il Wlj , £o yjji 

f^J i"^ -4-%- iii ^ *k_Jjj £s j £* ^ji-JI J| >y Lf-JMw j'J^-j *J 

, Si j Ei fei oUjj&fll tij^ ji Li^l ^Uj La* 

UM j$ iyi jKgj 1 6.S2.S am ^1 LfJjL oL'^ ^ tilL s Ei J! £ a 

jj LL&I *LijjS01 "UUj, ^ i)1 cU^ll i^J ^ , i.96 cV btjfi 
^^ J - 27-21 JSi)\ ^ Ui „ ^Jrfj Lyi Li . & j| ; U Ei $fij{ 

&LU oUjji a**i«« iLuil iji* Jl li^ l*& Ei JJ ft ^ ii^ oUjjjitfl 
ji _^ii iaCLjf iLjuJ^I jL) wjjjjl l.j.'^jJI ^y fJiij . iLiUl oLkul) 

jLiJi Jl> o_j* Lb' jLjj^Ii ^i iWUi oL^I 5jJ i»bj oUjJjiJ Jb ^Lil 



: 37-21 JiJ 

^j^Jj aji 4>^ LJL-iJyaSll rJ iLi fi 

JLyJlUl ■'■'■"■■■■ u . i&LjiA A±5i ilii 

. Ei JL.1 1.96 *V it ji) tf iSl 



31 
I 

3 IK 



E, 



iitji 



IjO^VIUlh 



C>J4 J*J 



*!^ 



ijL-jrfli (Jijj W ow >Jii: rJ 






UU^iLl l_>l j J '^ 




^ 



^J ^1 y^ 1 1fii Uj^J J^ u«ifc Jiij 0*^" jl*JI »yi ^1 ^! . ( 27-22 

jJl* ijxi- ojli ^Jl ^ Uj . 27-22 J_£iJl ^J j ^k Jjj ! ^ j^ l l y i^j 
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( hjjl\ Jbfctoj uW i%Lii ) ijjAiJIj #UI >*)! 



jj* .^j^l ^(jii o* '/-aj "^ J j>^ ^' *W °^^ *^« a&i 

. Ju*x^fl jijL jj-1 jip « ljj_j— <jJI 

Ijjjm Uj»Jil ^i J^IJI i,^Sii . '^y* uj^ jj^ [ *i)$ J> &* ^ 
jl Ji m^ . J^ jjij ^ Jj& Tl W^j ^ ^i J W V** *Wtf»J 

J .^" ., t jj_>J( jjj: |1jw Juis^i iJjJjJ dsjJJJ I Hyrfi jl J* 1 ** *** *il 1/ 
<^_i lyLS » i*^ igU i#»*i JJUa^ . (iWit 4jf* $J«JjJ! Ljftb-j J"^> HjWJ^Jl 

U^ LJU ^i ij_>^ Li S&*-j | j«pli J£^ Hjfiti **J **>JI &' *M* 
, la* ILjIj oliU l*Jj^ tiSmS) <Jyk *%lsd >» 'Li*J! J fiUuJ Lijj 



Mju! jj^J ia^^LJl ♦ >*)l flJiW 




t LjJL* 1*1*11 $M ^i i> ^ S** ^ J ^! * ^^ ^Jbytuff' 
jjjhj . ^jjjJl y 5tKl oj^ j^> j'j^^ 1 ^> " J ^ *W J! ^" '^^? 
, jjJJI jj 4aUI c^^il i> ^l> ^ j>+^ J! r <> ' uil *^ 1 dj ^" 1 " 
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L 



( Ljjj* jy»Vij w objLtf ) oj>jij ^lji j^ji 



. ( f jUJI JjiJl jJ t^JU^ gill jjjiJl gUtfll i%>4 J f&U\ ^"^J) 
IdtjAZll il*£dl jJit ;> Ij^-Ij - i»Luil li* *^ lw^j 1 j« - jjilll ^-sl *J 
ij-ii ji o!J LiU^ J*^-y Oj^J^ljj ^jiy . Ijt41il «*%#' i>>^ 

■ ( $&$$*— " riw^' y ) Ij*L)*j!j* r"^ ^ ^j^ y** ^^* &* ^'yyj* 

p** US . jjj^l J ^iSJl tftf j-^J "owl jI^i **Ij*jM jH 1 >"j 

Lji*» U> jjji Lm t *-ji^ IjJ** i*L-u Cllj Ojjj jj \*j£jj hSi\ fcflji 

l^i ^ ai cj4>^ c?' ^ la *j ■ ^ a* j? UL < !ii *% **^ ^ J 

£i jjij f^l JS* jljjl ji^l Jj fijjfl jjjlll ^}> o' W . jSiifl JULil 

iMj -III > yj ijil* oii L~L>: i iJIi ^> bttujj . *»jJtl! yllil oV) 

, J^ « iLj^l » Lfji *j>i-j Jj| i^LJI iLl«J(j utUl ofifl oLLi ^ 
SdjJ UL* ^ Us' < w*tf jjliy jJj,w*jSII i}**i £ Q^ jyM ; j«-l M^J 

^ ^1 i^J J>4 ^i ^IjLiJ ** Jt£il Ji L^.^j l*J^ £^1 r £ 

. jjijill J^*^ 8}f*l ^j>^ ^^J' Oljis 

. ^jfill S>^l j> V-uJI Sj^i 6^J Jbll 'r^ 1 (J^).Oi** i> 



: ^& !jj£ o^ djT u^ Jjill IJ* ^i J*j £^l 

^±, ( J) i ^^ ^U ( i ) i "<i-JUi ;> (*J i jaUlj jtiJI ^^ M ( ^' 'J^ 1 ( ' ) J ^ (J' ! 

(.^ ) 1 l^ljiil ^L*jl( ( 5, .) < U,jiJI oJj Sj^l ^£| Uii ( r ) 1 J t - Jv ^^ JjLy Ij^ ('J ) i Vj* 11 

. ji^ ^^ ^ijjL-j ^ iijU j>>j J! uj^^ ^■> il ^'j^ 1 ^ J r ^ &® ^ l 5 
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{ Yjjji jywij 5iLW« oirfj*^ ) ojjA-jij ^Lji j^i 



r 27-16 * 27-15 Jlil^l ilui tsoJl Ji, ^jj^l ^jliJ jiUII f-jll jIm *j4! o-' 9 

ij_i£ J"J-i3 £>ll . 4u u ^LLil L_JL Lkij^l "JbJJ Ji^l^ll ju\u)l iti>J i j'julj% r JiL \lu ■ ' ^' " j' 10 

; ^jLJI ai^J ( jilftl ) ^U^JfisbJL jluL,^ tip ifa 

jj <UrU*l] u .j*Jjl 4_*rf j L _5- Jj Jjl? J^SJI ^i>J jlj . jji'l 4*^' Lujl J ^] 4*_il jjy ajJ lJjS lJLaj fr H 

. <i±*j iitb ill j ^j!jj|_jii!i> jjJj jjjfc 
ij+Jl - — *">Ul j£'ju jlj , 'V«-\ f .tl liUju^llj i «jj_jaSI ujHSJIj i Dj*S-J! iUi ii^UJi iJ^jj jjUJl jj^lj Sja* >j4j jl 12 
, jjjjjJi a^*^ LitjJl dUL^i^l juj>; ji ^*Mii ma jif Jl j^j ji . J&Jlj jiJij Lfjitl £■>> ,> jjJ Vt*) 



«>w^ 



4jjLj \j3 tUuluj Alii* olJoj 



_ 2?r a ZVi 2 m 

/£ = ■ 



i 



fi = 1.0974 x 10' m ' j 2-1 < 6^-jjj^J I^Iq 



n k 0.53 x 10r u m j 2*1* c^j;^ <f-% 
j 4j*>LI ^jLajolL^ju 



W H. 






Jl^Sl j-U Jj***JJj , i JjjJJ aJj^Kj *_ii 4_J>_jil JUi^'l ,> iLL j£Jj . ibhjrf^e J I J* I £* ^jj*ij J t jl>^lj 

j* JjVl diUlili irt-jilJljbVi J-^L l 

r = 1 ( 4jjv*ji*jj,'I j*j ) jLjJ 4L1L1 

i - 2 ( iji^Ji ) _j!L ^JL 

i = 3 ( »ij*>fi o*j ) ^V IUL 

0* Jmj i»Jl IJJn , /=« j^nil Jilui "dLiLJI ji> j*»j 4*>_jil J'jkW ^^w" "UJ 1 4LJ*j J£l 2 
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( AjjjJI jy?Vlj 4jlWf oLyLa ) uj^iudlj pLJ! JrfiJI 






r n = n ! n 



fin = 



J*|jJ JjUl jJalJl JUV *A H j nM JJ£ J! '1 



2r„ ii 2 



2n ^ 



_7a21 

. 4*^1 ^bJL J/lj o^ ^jl ^ £, = £ e 

lays 

-Zi 2 k \Ze 2 k 

?i] = — £- j KE -— L 4J1L JjLo* J* ^1 £j£i uiix* l lujHjill *-ijllj *i'j*Jl jflUa f*4*4 j» fln 1 



4 ,i 



. Bi =-13.6 eV ( Oe*jj-^ k-JL 3 

; L 5jj J U jjj^J ^ JiA>i j^ 1 if* **0^' 4*^' jl ^ 
11 = 1,2,3....... :^l 

mf = 0,±l,*2, tJ : j-Jsliiil 

m* = +| : Jill 

£m fju jjj n JlU »b t iftj t i jUAl U5*t ^ jj# JU* &1 dy*j , iJLvJl iiUs ^jjl ^$1 jj*J< jj^ I 



? »JrfJl j^jlj ^JbjjJL J+Jl j* ijJ^I t»fl>J (JJJI ^jjil^Jl jl* *jL ^ I J LI 1 

, »«U jl jj>j;Jj* Lj! y> I+JL»Ijj jj^*+Jl jLiJl diij • fL£>L tt'jji-i-- l*^jl»j uM^ ^ ^-L^-j 5^i! djj) il ^ 2 

? iLp-lj^ j5 Jl iLiA-fel j Li «£ljj I«ui o>J jl*Jl jl5 jjj ! '<i<^^ j*&3 j' yjj jLiJl Py J^ uui 
dlJjij jii l\JJ 5_^0Ll oL>Ul JljJsi |jl A*Lill & jli ^s-jjjLi^Jf jLc ^ jjlmj tLej ^1 ^ $y>4 L*au» d 
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( hjji\ j\£% ti wi obji« ) jj>Jij vU\ ^a\ 



. ( <j>L jli 3jij> ts-jj j..^ jjL iji>j ^Li j* ii> 
*iii- u ^i Lj^si 3_;^ii ill* ^i jiLi; *j 0,1 nm jjdl ^ u*5l 4*ii iU^liijk* ji .y ^J\ ^y m -pi i 

._;-ii . jju ,,-^'' v-uX ^ ^>uj <u«u jj ivwO ij^ou Jl i_Bj*flj Lj^jjjll) j*l jl J k^LsJ! cj&Jb Ja»J syLiy 5 

'.' .iJjil J Sjj3 J JjJ^Ji JJ^jj -aluJ! lil 4Juki ,\Sjj 
4_Ui1 Ij U ^- U Uj LjJJ 7-JUJU *->jJ J] jAjkjJl U^AjU jLlLVjj L-fJiji UlkJl 3jJj mJtJ J ilji^JI C . j LJjjJ&JJ ,>!■• t) 

J . aj_,jA:j ^jj^^i **? ri&t **j^' ^^ til - [ «J^ i>jr^^ ) w^ 1 &£ ^ U-" 3 H ■ ^ 

1 LfJ* jUfctfl ^J %J) P >[ ^^ { &&* J ■ J^ 1 tyj&)\ jJj^j £^ ^j^ 1 ^ Sj** M 
UL* ^ LiULtJi dfc i,jfe Us' ( lj^TjSJI jb 4,3 eVi 5,1 ■. 5,4 m— kjJlj ^Jj^'j M*W ^ [ ^^ 4p ? 
ijjjl yjSjJJl jU>J ypij Ijtcj UijJsf jrjJ . vyjjiJI Jl* 15.8 cV i 2L6 t 24,G ^j Vlj t i^JJIj i m^+JI 

i ■: i . i 



27-1 jmjJI 

jJl ijj utj J y*J wJI J4>J . 0.150 nm *>J *5jj jLi yi-nj* G x 10 m i>j uajJI Sljj jLJ JLaj ,.tiu 1 
LJUJl L*juls a^t^i jl l^jvj lj Jj i*LjJl j 1) . 3lijJ> JlijJ 0.10 mm U Jai aJsaj Ltj.Vi a L_wili uj ^Lji+j 

■ Ijj-jSs l ^->l>j jj *j^>- jLij 0,5 m^ lji>Uj 5iiL) y^> JUV jjj*# 10,000 ^i ££u ijwi* i*^ C *W"' « 
j^jjJl lL>La .J Li ; JA 800 i^m djjIH! h^s iiij aJ Ijl ( I ) . iiiUl J>Lli vh iti j Iij^kJI L>L« cwb't 
LSjiu 9200 j»i i s.aitUI bui Jt i^i- (> b^Ls 5jS 400 lhaLjj Ulu <IS rl^-jJl J^ji w (y) ! ?JiDJ' T Wj j 
*y- *Sil ^b L* {_>) V uj^ sjS J£! ,jJijjLL«J! *Isa1I L»-Lj iiLy ii , j.t. \ti- > , t is^t* ^i njiiJl jii 1 0,000 J-bI ^ 

utw^ 45 1> oli? cyiij . (Z = 7H) o*Jil olji j>j f ^ * & U>u**i i lili oL^ ojitLMiji j j*^jJj vj-^ 1 J*l 3 ■ 

V sJ_*JJi JljJ |> r iJiUn Jjmj ili jit { r iJ^Ju ) UJI ■"■ 1 t i ; "^ A*l .Jl Oil) -i L ( I ) , 4,8 MgV oLl^NvI 

. i^Lj JJij i_ut±H dI^J jl (^sjill f L-aoJ' pIw ^jj ,^i L$j yj^l3 yl Jj^jjj ^Uf-«*J d£*J ^^ /**' j* L 

ljjJI Alp jj_c ^ ( V ) '' yjijJi ijj <i*i ^a U ( i ) . 197kg/mt>l 4^,JJI 4jJjSj 19.3 g/cm 3 vajJI i*l££ My 4 
»j_f Lfcjljiil lilj ■ 10" K m yv yjtjJi »(y jisi (_») U 0.040 mm *!£*- jjaj tUi (> 1 cm 3 L»jliL o-Uu ^ 
jj jjjjjjj j'i lilj ( j ) * i-jjjl lu^i Uiii Jj_i 1 trn 2 LijIjL o-Lj ,> *\j>Jt |l Li ijjJI ^ v5!_y J|*j 

f iiiu iJ j >j 1 1j jJI UJl olv** j*£ ** Us i ^JLJi <lfci tUJ ftjii-l 
^ tSAj ijl I . {?•* 82J yiU^I oljj jJU cJifci J 2.0 x 10? m/a lp»^ ^' lill *!**-* ii J-^ 5 

V ^oLaJl lily ^i'jJ j> yjJJJ „ l1 LdJl oljjduyj 
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{ L j jJI JUj^j ajWI w/l^U ) $jjA*% gLJI J*H 






27-3 j 27-2 jW 
lo , , a ^ > ji jj^U <>» fiajtitf V al fc*^ 1 ^ j**-* 11 ^ ^ f 1 ^ ^ [ 8 " 

. j*jj J^l jiil j* ^ W ^ ^ v^ 1 10 " 
I ^j^ iji ^ ^ ^lj J^' *«jUll J ^j B> 4JLL ^ L 11 . 

(n = 1) J^l j>y. jIjl. jiJ^u^l, +2* fe*4l ^ Sljifa Jj> uti\ Ut^ fjM »P ^ uj,^! ^ iy 
, L3 ^ SUl ^ cojj jillj ( ofel 3**j pjJ+JI SjiJ Silk *kjfc- ^ ^ *-*! W 
ISj Ulfl i*}5UI W J 44 { I ),( j-Hl £j J k fc* uV ^ ^J ) ■ ^' ^M 3 ? 1 r* 

fcjjl^ U { f ) , 0,50 x ltf ,B m ^ O-J iSjJIJ jU » i**!^ $<* J J* JJ* M>J ^ ^ 16 ' 
f ji *JJ IL* j> ^Styl jjj j* U (v) 1 <&£ ¥^> tf J^ f^ & 1 ^ liJ ^- ' ^ ^ ^ 

j* l M . o^i tt*J at ^^ ^ ^ ji +**0') > (Z = 31 o* yuj t& y ^ J °' ^ 17 ' 

LIUJi 0^3 ^ Jj^l jliJ^ >i^^l- ^^! ^ ^ t^' ^ (7 " 7) ^^' iji °' ^ 18 ' 

27- 5 j 27-4 oUi)! 

t r is^i & a. ^3 iiu , ;l ill ^ jif ^ij, j* dJisti i^ ^y cJjt" m ^j^ 21 

, & m* J j*y ^ Jfh ^ -^ r* WJ ^ ^ W 1 Jl >^' ^ " 3 

. ^t) yj-< ^ ^^ 

UUI) jl »-2 UL^It ^! ^ ^j^J JUS! ^ -^ ' ft*i^ ^ ^' ;i i ^' ^' ^ "—I 2fi 

f pi ^^ jiM £ USJU ^1 JjW 3. 1, , ^ ^ c4jS > ^ jpJ ^ ^ ^ **& ^ ae ' 
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( Sjjjji Jbl&lj, AiM algLu ) j*jiiJij *jUI J-diTI 



? jUll ,> Ij*j duul- liall ^ Ijl1)U ^*jll J5LJI ^a li . ^jjij^J oljj > jU ^ 12.9 cV Iritis ol^l oijj U7 ■ 
jajju 4 oUi ^_a> jJjI Jjl L$_J jti\ oUji3^iIl j> Li S' ;>>L jji ,jjls.jjJj4 jLc JiL* j£-n Jul ^ U 2fi ■ 

L»j I SjLiUl ji* &bfl ^jUI pjJ^JI citjj L*W ^Ij oUU. *tf ^ji L*J ^| oLijJjAll i : itk ^ L, 2ft ■ 

^IjJJL *jJJi OjliLJil jj_£ ,jjj*jjJj^_JI tilji ^ jU ^ 5.0 nm ^jlf LjJjL ^1 j^S] *aJS! ,> 5j^> JaLJ 31 ■ 

^ J^JL-u 40 nm ^1 tl£ j^-iL jjj LcUi| ji J^o . 24.6 eV ^ HjlUJI j-s ^J &iji &b Silk 32 ■ 
^j-v j Uj (i-j) ? y ■■ i -; il jy flfci^l iJkfljj ciljJJs ^ jjjj^ jj JiJj f_^l jjUj ^ U ( 1 ) . ^IjjJl dJ£ 

? Jfiffl IJfJ <*# jUll ^ ^aJi ijJJJ j»jll Jjk^l j* L* . 15.3 V i^WL 

27-H J! 27-6 fr f[Ji\ 

. ja*j lilj i P4J (> ijj i ft = G (i_j) j n = 3 ( I ) oljiill j5 ji^-IjJj i' ijSjj jill olijpSJ'jII JO* i_i~»>( 35 

. 35 Jj LiLll jj ^ oljijj ji »jj* Jl ui)Ljj^]^ ^_jlf J^ |jj J^t l_io»I 36 

? re = 3 lt-VI l?*^ 1 JiJ ^^ "'y^ '^ iJj^I lS^j^JJ i^Lj "CSA\ i^ljll i^jill ^lj*ljJl j ^ U 37 

jjuJIj « j-m^jJ* .jjdJl jjj^I ^ l+J ujSj i U 3jj ^ olijj^SJJ U_j*^* L^i jk Ljill LfijiJl ijlill Jj*j 38 ■ 

. ^jJl J I = 2 1 ft - 3 i^jiJi .jJill ji ^ jil liLjjtffll Jifi 

1 

. n = 3 ( i ) ja j^jJI jjfll MJ£ lJl^)' Ti ^^ ( Tt JBJ a B»* ) l}*^' Jb*<ll i> uJl>il oU^jJI jjjs Li 41 ■ 

V n = 5 (^*) 1 ji = 4 ( V ) 

g) J^W ( f ) , 1 s |A « 3 5_i*£JI j|j_*Sl L^ Ji' l>Jij f UwJl ur* ^ JdJj*J* ^J/^i ^^ t)' -■ 42 ' 

if ILL, Jby^^l U 6tS HJ l*v ^JfcJ" *KW 
4JUJ1 ^j jj.jj ji j£w ob^) 1 ! jj£ »i . JD jiS .up j**,! Tl Ij+Jj J <ui ^Lljj^^l ^J LiLL j^el 43 ■ 
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( ijjJJI JbFtflj «IWI oI^jjwh ) jjjad'lj ^U! J*iJI 



^ 



? + 1 Uj»l£ ^ jjjJI Jjj^Jl ^ j^Lc iiujl Jji j» Us ( 43 J; xLil ^ gjjl^ll Jj^l t^l IjJ 44 ■ 

, (Z = 11) .j*iyJI iji jj iiliill ^Uj^SJiU L*5Jl jIasSi <j ,>e ^jH 0^ 45" ■ 

. (2- 8) jj-^.-.^ I Sy objj^W ij-JL m. P t m; <. t ■: u dlj#ll tfj*»* *ji ylS' ^ ■ 

, (Z ■ 19) iij^bjJl (u.) j tZ= 10) jj^l ( [ ) of ; i aGjyJS) 1 Sp&i jIj^'I ik^w y£l 47 ■ 

27-9 jK^ill 

jJl U . 20,000 V jk Jyj,! JLf*JJ jjj _tf£ <JU*t ijijjilj f)> "It iLjaJl ^jlil jujiiljJi Dj^-l ^ f J^M-J 48 

J ) * uj^jJiJI 4_^l Lil^Jj pjJv^ Uj^ 24,000 V ^ U^u oj> UjfjJ jjJl y^| Ujft ^ J> ^ 
, { ;UtfJJ ^Li l-jj-t j-i| uil ■>» o_#5 <d#$ ^b' iiJj -j*** Jii Ujm IIjs 6^3^! 'JhR 1 6& 

Ld l^i i> r^ jjji j^SJ UiS ^ J^ y^i jfl U , ll* Uij4 J^» f I.1M-L iiJ^I IJ* jJjJ ^ 

! 148 kV jtf >u y^i 
? 0,045 lira ^jli l*J> umSI id ^j ( ^i] kil ^1 J k>\^^\ a&ll j**JJ ^1 i*Ji j» L GO 
^J Ijl vt JLil i^fJi jjJiJ ^Vl jjJI jj* L* ( I ) (Z ^ 74) u^Sl i*il ^1 j* J-^ ,j£-*iiJ1 fiWk 51 ■ 
^_i JLIGI PjjJ) ii>j L.ila UwlJ y^'i !Ui^ ^ Jjb J^l j> L* (v) T jtSSU*- jjj; ^ n = 1 aj^l 

Lily , ff„ J«JI _ ^ uii v^^l ^ ^^ ^* ji ^ 1 ^^ ^1^14^^ U! J»)tiJl /I > ijIL S2 i 
£ ff iL^JJ ^jll J^kll y..U.ns] SJbJI J| n = 2 ti\^\ 6* 5j,jJ1 jAiij UjIc y^ i^ y-* ii*il G» 

? (Z = 24) jiijlJi juai* 6j ?jjux» JijJ ii-jJL; 

! (Z = 40) ^jjJf ( V ) j (Z = S2) l^UjJI ( i ) ^ ^J^ 1 ^« lt^J Uil ijW W Jl ^' j - L G3 ' 

^ ^ J^i ^ til »»i u» ^jj^! j&*jv^i~^ V' a 1 fi^ 1 *f*" ^ (y jlil i * JI 3* U 54 ' 

f CZ = 13) f jnJjiSl (yj j tZ - 28) jSJi ( i ) 
liyll ^ Udlll ^t JjUi )» ,Wj ! (Z - 42) pj^H j^J n = 3 j i = 2 -^1 & SHUl jj> j* L> 55 ■ 

^ n. = 2 jjlJl Jj n = S ifjiJ ^ pO jJ^I ^IjJ J£& U^ 

27-10 |h*oJ! 

lili . yUj L^aJJi jjj: ji "^l^Lu LiJr * .W » J (A = 455.5 nm} c^jS'l jjJ > *jj ii^i ^.jj^; 5U ■ 

f ,U1J1 'JLU Jj JLfiyi l^HI IjjiJI yfl ifl . 1.6x 10^'J «UJI £h J^,? 1 x 10^ s U^jl o.!j 
j_j^ r mJu* jjjJ <*j> ii yijjil , j)JJI 4jj^l J^ itf J£*fi atjp5 yj-J J^ Jii jjii ^*}> JjA^J S^ " 
% Jj^ f^^ U^ **jflJI jt* ^H fS ■ ^1 <iji*i ^j J ^ ^ 2 - fi nffl ^ J 3 * oli CA = 633 mn ^ 

^j*JI ^ i^j . U^ 'jUi l?U**3 j r ^^ $ J#a» J^i ^^ J>" ^* i ^ 1 , J lj^J ■ M& 
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( ifjjj! jLJ^Ij 55UaJl oIjjj-« ) jj/* 1 ^ wUI JW 



■■ 



i+^»J ^^1 JjUl ^ ^i i_iifcj j£j i ULw 632 nm &U>JI tS^j j>y I Jjkll jtf ijl> j>L J^ J UU*JLe 

I 

4fL JjLw 

. hAi = Biff's Jjj_; jJ oL^jl -U*jJb ^JjJI LjJ JA>j ^»iiJl J*> ^j ll jljjjJ <Ujl}Jl Jj>if Ijjf J Ljjji* !)9 ■■ 

ji Lii* ^_Lc lJ ^_1j jjJl yiLZLil jjjj ij« ^it ^Ju li> j&u ) v *JUJl t'ii> J n jiJl jjaJI i«j ^^£m •£ 

" . ( ji^lb' J&w Jjrfuj jj dJiJj ll* tjjji lui' IjIjh! Sat* j£L; i ^jStf ( ij^l ) iuj^jjfUl JiJl 

JjjJ JjL-j sjjjj tiki J ^juJj jjjUI jlljrfi- Ij^M5. JjjOi- jtltl 5j# sjjsj j!ao olj (^jjj^t ijj jj 60 

Lh = ™ * , : <*M >* <JjjS™ iijl^il *tffl J dpi . oljiJI J* 

I^j-jlS n j^; LiJie «jl cjjjI . rt 1 iJbJI jj 7! iJbJl ,> Ji^fJ UjULfr j^jjJy+JI ijj i* dtAjuil JjjlJI ,_u*>1 

- f<A tSjIjil JJjltl 4-ii ji ^*£p JJjiil lift jlJ (n S 4 1) IJ» 
i a = ti JJ n = 3 ^ (2) ( ?i = 5 JJ n = 2 $. (i) ; itf-j^l JjJl tylatl iMill ^1 ty^Styl isAlttfll j^l 61 ■ 
! j_»jj Jj_t J^_ti jj jjj^ 4_i* duujj o"fe1l[ ^j! ( [ ) , n - 1 JJ ft- = A & (4) i n - A Jl n = 7 ^ (3) 

r* ' r " 

, dIjJJI J^Ij ib^lj i-'LLu J J >*Jj LjJU ! L^Jjj Jjilili j ouqJLuj oUujt^ jj y4iuu <jjj siu j' J^>^ b2 ■ 
LjMji] ULhJI J ^U_^JI gl jjjju jl Uli i fi x 10" lS m kft4 Sj^l Il^j^I iilji'l 1j J-** ji >lu>j 
jj ij^Jj L^ r L> ^ uj^jj^ v*vJJ^ ij^J^' JjLK i-S j "J^ ij^ y' v^i f^ ■ 6 x 10" J ifl L*jlxe Jai j^j 0^4*" 
. oo_lJ| oi^b J*»l f ( eV cjy Cy^^Hj ) 0y}^ { &j* ^^ j* L» ? ^^' ^^ l/J j^ 1 (i * J^ 
iwljj ilU *l5j-^J (jl ki^p-j . 0,140 nm <f)Lb\ jj JJ Jj_b ,^jh*« Ji*J *Jy* ^ J?j>^ <jjjjuJI ^j*J (53 
Ufc* 5 jjIj ,-J iJ>*; jjaj jl l iij-^l ,-*-* (^^^i 'j*^j LJjljaSJ j ,jl _vu*j gl JyjJl jji ^ ^^ii Mi i l*jjv^ 

: SJjUdlj ( o^SlSl B* JtV Ji ) jJw Jj >4^ lD^I'I ( J+J ^ Ulil *Qi«*» ij' Ci#il t Jj^ JjJ ^jJl JjUlj 

m 

"JLj_ i jI^JILaJS bti i 48^ nm j^jll ti^L 0m«aJ '^"ALj 4j^> u^jj-^ 'jJ J '-^j* ^j^ o«a>I ( ' } M 
. liiUlfiA Ja> ji+Js ^ (j WC ^l> iy a3U?J1 j* ^iJ* Jl 4 JJb JlJij^l i5Lt luJ J^-ji (i-i) , yL 



■ ■ 
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_ l&ll .U Jjjijjj r-jjl US- LtLw IjUl }i'^ ji a*£ 

Utf ■> UliL 9&,9 L^ yl U) ijiJl ^> <> ilUL 10 
fljjjj jjjLJl pj^Ul u^-*^ J-4N IJ* ^ |*j*«j ■ " s j^' 

_j ^jull »L|hS*ii 3jja*H i-i l; Jnil l |^i ^LJS Ijjj 7JUI* 

. rf L*l! till* 




tt£l jj*j j jill jjuJI 28-1 



J_i|j #£-<u Ifj^ lj_bJ oLrfji isU**^' D ^ 1^ J" 9 ' ■**} '• ^ cbj^^J 

m, = U73 x 10 3T kff = 1.007277 a 



m,- 1.675 x 10 37 kg = 1.008775 u 

.jlwj . ( amu LL*I ^j ) 3*jJJI ^1 5j>j 11 Mil fcl*j ^ 
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(S.jjJ1iil^l)0j>Jlj^l>J[ 



; jiiij ji^Ld j'jI Li . 23-2 udJI ^ j^j J£L iu>jJI tJ^J JLj^ *•*£ 
1 u ^ 1.6ti05G6 x 10^' kg 

i_j JJlJj . LaLv j-Jj H4J^ ji^jl— juu ijjjjjjJlj jjj-JJ^JJI (jf jJji l l '^>%! 

Jjt-J iXp jL^A*^* L jJjLSJjN JJU •. — «j[j-£> i_iJ JJl£ gjj-Jj^iJIj jvjjjjl 

" ,j j(jjl£J "jl I *]j& jl jj>J 1 Ojliil J#3 (jjj . . jUjlL'SJ 
m< ^ 9.1091 x 10" n kg - 5.186 x 10* 4 u 

Vj>ll .J j\pS}\ Z J* ( i*jll _^ j I ) <|jtdl ^IjjJl ^ji^Jj . U »j3 SljJ ^ 

i iDjjjSJ'SI DJJt ikjljj Li OjU JL*ij£J1 ii^JLJI JJJ*CLjj, . s'iJJl rjJ- .OljJl 
^ &}-*£ Sj J J>& ^AiiJl ^ JJ 1 ijj,itl JJjJl ijjJJ LjJ Jl liljjjl -ilu JHUj 

r 

Jjdlj li'-JajljiiJl jj>j uu Z lijj* ^I'l iUjJijjII ibi ,> jj^l : : (Ji &5j 

L;4jjj| Lll^ll ^j_£ jji «J^u J Lii ; 1 u (> i^jS ijjj Ji iJji ji tij^s-j 
yj _ ^_iljJi J_ lilt i LjiJl Jl£ll ^li>jj Lup Lot ij] l LjjD Lxl>u; bi* 

ay.ye u - 40 u ji (Z = is,tf -22) 5^1 iiji iM j* llj ( i.oase u « 4u 

jj* ijjUji ^*j 1 A iliSJI jOiw Sfjj JJ Jj>u jl &>$*£ - u^J^ 1 j* liA ,A j1 IJJ 
LJft* ilj-Jl i±£ j-i Ij_+ v*^ ^i-'l jjj^ . A = Z + A r : 3(«Ji J3-Ij o'lj]jJI 

jiUMJI s ^1 Jilfl 28-2 

_s )Li_rfjj j]Jl iM)l JUk* *^f*i tlaAM^ luiijt iijj ijjitl jl^ ^Li « jII 
. jLfj>JI JJj jljjf j-^^ iXkio IjjIjj LLj 28-1 JSJUI j— i_j^j 1 19-8 iJtfl 

jj> Lii' Jjj VI jJ_jall ,> ■_j_jj^J j - ^jL-IjJ >_^!Ldl . jrfiOl cj'jjjJ T+-J tjj 
L>jut*J *_4* t V ijlii* 7 >il j_ji jrf oUjjSl L.^> J^ju J : JSASlj ,>^4 
pJ^ *j S^ jjbw Ujui u UjljJLt «jrt *^jjt *l ^j>** ■ ^2 J^ 1 °^^ ^'jN 
,y_ii jjJiujj , i^ju j_» L*S ^^jlfUAl' J'L^JI UsmSjj GjJ Ij ijL^* i^Ul LJ^ 

qi jjjrfJil *^L ^Ljj^I '^jS ijisuib jjJl «Sljii jjj>^ d l jj r jL-Jl jJaJ uiJw 

_j>l ^_y J I (> LbG 
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(ijjillHjillJoj/uJIj^titlJfliJI 









t»y#> 



(iij^ijjLii^i i: 




^Iji^y, 



t i ilk U^L li£ ji jlIluH i il ^ ,U 

ji j jjJ s Lit lii , ij j jll uDlfrllilt 

LjuIj i/i 00 jiJ yic -oi|> jjiii 




■L«3a5U Jjjjj 5j*US ojj-; J ^jjjJI 4JJi5Jt o"^ ^"^" j^ pJ&Ul tui* 

i jl_il >! Liu jjji>j jLa iju i>JJ i_LiLi]l J| Jju jjJl oL>*^JI jl jJa*» 
j^OjJI j^i ; ci ,,ltfiJ L^S (19-5) dJjUl *-. JLvftf Ijj L**i !jli 

jJ Lyl^^S Jiill jj l£Jl Jj]>> JjuO t wj^^jJI Jajlj jit JWI JlAil jmVLjj 

75,4 - Lyll Ml 34.97 u = Ml . JjVl gull 
24.6 = iyiil Wl W57 u-i^l ; ^fell ^Jl 

tjjjj iWJl Sjj^l o'j t 3JL1L 76.4 ^ J^l *jJJJ ^Jall ijjjll &1 JlLj 
yi J j ^j t UU3 jMi*i£ll JjX-J' ^ C^r 11 ^ *Nj ■ <iUL 24 - e j*« 
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( i^ill IUjJI ) jjjiJIj jjLil! j^iJI 



Jju jJ^j . 6 ii>*Ul s5 jj ^J_^A* Z JjiJl JJ*J' ijjLj U#i* J^J * jU^'wit 

. jjSjII jtfinl! jilfc UJi3m Jj5 4Jj <i*JiJI jail ^J Jill t i5j^l IJ* 



jiJi j^ai ^us ji^ L jtiii j^ ^ £x jiaJij;.! i>j jjji ^i ja^ 

. (jjjJj jjJI ^ 6^1 6* J3 ^ : 17CI * j?GI >^L JJi aL aU^L: 
jLiy , A = 37 jfcfll »j>i jVill Ui A = 35 Jj&l jjjp UjL>t jlij 1 Z = 17 
'Z jjj pT kl* Jjl^ilj . 37 jjlSJIj a5 jlKIl L^i Jjb ^tJl fefe J! 

j±^ ^ 03 *gtJ t 335 r >*ij^ U , L^J 238 92 =146 j LijJ w 

j_>j lij-j* i *Luu£)l i (i-fjj jiUI ^olidJ ^jjjJI Jjj*JI ^ jliw ilUJj 

1 

m iV = 35(0.754)4 37(0« = 35.5 u 

jjj-Sl ^ifckJl J5UJI ji tJu»J tflll j^Jl Jji^Ji JA-b ojjip <«*ll ^»j 
£,! p& 4|Uj , jiL^I ^ j^S j-ijJ LjjJl a J^Jl 1 pij jaJil ^ b* . v l^ 
ij_»ij l^£ I^juj . Ljjill ^LijjjSM JJS LfcJI liU* i i^Jl J^ ^ iifc 

: 1 }C JjjjSII 5j3 IM *ftj< ii/ll y^ll Jjfll 

12 <W &jj iM ^» lij^ j^» jiJI j> »> Jftjb-sJl^ ^ (u) l&lfi hji}\ Jiil! b*j 

, 'i&$}\ JLkj oULy <> aJjp-li 



28-1 j>J**y iJ Li* 

? 2M U jifiJ Ljill 3J3S3I ji lili^^ Jin ,jjll jm5II j* U 

1 235.04 v M5 U>l ^ill Itfll i) 1 pij J>Jdl i. flii ; JiW* J^^i 

i ti 0,000540 ii ji 9.11 x 1Q- H1 kff ujd^T 1 
235 u 
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( Jjjin sijJi } yjijij a»isii j*ui 






ibyill 4»l2£!lj ^1 28-3 

BIjJJ' lJjJJ (jl j_fc JjJal' flj_t iiJ->jj . i^jisJi y* j^j&j S'^Jl *a> jjJ*3 lli£«i 
jjll jidl fin Jtj , ci&u JuS' jtUj J^jjj J** ^* tfy$\ Ilk!** ^Ui-Aj 
dIjJJ' ji_b »|Jji' jpjLJ i« yLuJ .!> ; i^ <Jb oLJUj olj i-L^ JLw 1 j> 

j-UL LjJ ui> J-i^y JJ-JM jJii JLi) 1 1 aUJ ^ 4*1 <La> &* *>jJ' Jfjj 

, . Jjl JJ*Jy 4_JbLSJl f-JJj3 ya^L" ^OjjJj^ilb Lpji ^1 ^* Jt I alj^JLj *I*i)l 
,V . <_i£ : Luij L^jjj LsjJ .Jjijj Ji il Jl Ja9 _'■'''■ ^Lli Jj>' Jjt »J>JLiJ Li 

■ iSlWL J**,! tikjul j^ULI <^ilL 2? iljill Ja Jl*; 
S-'i[12xl(r»jaXA«) (23-1) 



10~ 16 ni LJjJI > _ji ^Jj^l c-I^JJ I jlsi JL*) J f28 1) Uibill ,> Ja>^ 

i (fm) jj_*ji»iJl sj-*^ ijjjjJl JljJ»Sl ^Ji jJ* pJk^l j*i Jfitj 
pJU ^Ji lliio /fermi ^i j* J*ft J togll »ja iwitf'ij . 1 fin = 10 lfi m 

jjjJ : ^<~y ■■' 1| .LiAJj jLjwJI jj ^j>I oj i ^j^j^^r jt*^^ ^jj^Ul s-L^jaJi 

, ^jAll yjij LUJUJ |JLIU*& y 

J«_> J-+jt oLijiiu JLp Ja^u^Jl '^ , A l,,;i u l5j}*JI jk*Jf JLa) ji*T >jj 

■ L)a>J ilufl m> U^u*> jl jJ . 3'jjJI Jib i*j i^jy^jjjl )> A jjj *lw iibjAJi 
V- | Jtff a = |jt(1.2 fmHA) = (7.2 x 10^ 5 m»)(dj 

Vji ^f j(3*l j3 . 7Ji x It) ¥l m s jWU! ji jJ j! . , h£l\ »i* ^ ^^i ^tj 

t JJii 4Ai«j , Ity A JJ"J iijijliil PJHT^' ^r^ "^"^ >* ^ l 1 ^' ^ ( " f,1> b 

: jLHl Jujjiil Jliii J lSj^ LiS \tfjj li>\) cibS' jjSi- jj^JI iijJJl /v** jj* 



2fi-2 J *o,ijj J& 

r ■ ^i ■ 
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( 4jjjll Sljill } jjji*Jlj &M l^ 1 



£| i 197 u - u^Ji 5jj iltftii = 197 qJ ^*j 

^1 (7.2x10"* m 3 )(197) 

jLi (197 u) LjjjJl LitfJJ iLjB LyU (A = 197) &£JI ji* /,j£I d &*% 

jj_fc jJL: «_Jj jUs) jJi UiljJ tfl&II &ja JL £. JAdJJ 1*1 ^ 1} . $0 

■ . .#11 jfj* # Uil+Jl jHtfl 

OjjJIiujJl^Lt 28-4 

i_i jLS J*5 >J]j jlSj JJJUJI U>W M jjl^i IfjLlSlI iilLOjl ^ U*Jf fjft] 

, «^i3 L>U* Jj a kill Jib citt£jj^l ^w ^ijli^jj^SJl jjaII J*m tji lijj^Jl 

^1 j>j jlaill jj \_tj^l jj j^-j£ jj-*j jAjI objiJl o# SJJ»L^I v^^ 1 i^A 1 

■J Ljj[ J JiUiJl jjij LiSJli-jjj^il lijJUl (> JJ ^ Oj^jJI 5_j3J! JJl*j 

r r 

5 x lO"^ m j_c ju^ U J[ 4JLJ1 J-^ Uiit jiJl J] JjuJ J»Lxu jyll si* $| 

£«* 4*L*il CjJ5 1j j Ui . ~<tyl\ jJsi Juiii j(*j JI Jjw LiliL* ii£ ,3^1 ijUy 
Ji ^j jjUall ^jJ ^ iS J>kil JiLiii; LjijUI &5 — SJ I (jli t iJjiJj j!ja*> ^j Ij* 

aJ* Uj^i; Lyk i*f< 5_LtJ ilsj . oUjjjSJ)'i jJt i ijMJs^ J* UJ jjit ^' 
. sijiti j>sj oLj^j ^ J! ^j>;j ^i J* i>3 jUi firfyjdi ^l*, 

lyLs oLuJl j1> Jilii lilt jLiIp I LuSUj . jjjj vw5^ ^ U* h!^ Usi* 
^ LijjjJJ LJ£j( 5JQJI bjjj iWj i jivJl Lj-i« ^* dj* Uu yjfil Litf 
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r 



(4 tJ JJIiljifl) (i jj4Jlj < >*ISW>i]l 



1 

J-SLU' jjajjjj , ( V ijl—i SjLi-J Olj JaurjJI ^1L yji wju Li ) An. Jj Jsujl 

: ji lii ,> .In 1 A ( ijfa ^j-jJ iijjili' o^i-Jl 



:28 2J^ 

•3—*- u OJW Ojl/# £*■) ^ il ^ ;ii ' 



[apimfii^jfiijik 




riijji^Sjji j*iiLt V i! 



:bh-:i jti 



i.;i 

s 

7 

IS 

5 

4 
I, 



.. 0.1 I'u 



S 2 - 



V 






4 He 

• ci L] 






a 






/■! 



C.I 



I!.., 






■ 9 



100 



150 



20n 



2^1.1 



, sl^Jt ojli ^jJI ijjiill ^b^JJ QjLJI Jtf izM f *l^ > Jli ijpJI BIjJJI Olb 
LJlki IJ^Uj , 28-3 J&JI ji i-j _ji I** ^ ijj)i yAP j* ^" *^ ^^ 

Li . J.UJ1 jJ ^ US ^IjJI j*#* ill i & /\ ^± bIjJI >L Vj3 
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( ijjjJl tlyJI ) ^tjiuJlj uJ-llfl J-jiJl 



yw! ^ (Z = 26) j*j*JL> iV^l ^^ j^ 1 W Jl J^ £ * lH ^ 

JJJJI yi j I , jjj\ ji jJJi in. jJiii ojjJI MM *«j Jill jjtfl if-ilb JJJ &a 
. jjjiJl jljit-Vl J* l)a}* ^ Ail J* i«*i H 28-3 

SljJJ ^JSSJI jrtill* la* Utfl ji Jjill J^j L+iM-n iJjftil ^ OjS-J' 
Am = Zmjs + jVm.n - M™* 

"LjKJI Js^H liUw J^ Jtfl >ill ii Jt ij^JI Ojk ^> ■ '^iU ttyU 

: Jljiil 

^J| Ijj ^ ji^ ij>^M °^ ^ W! J 3 * 11 ^ l^ ^ *****" J^J 
uJj i* L^s j/l( Ii* i*JUi jjO Jfpj . ia^Sl ^u i*rf ^ l>iU* ^J 



28-3 j*^>jj JU< 

? 1 u 4j«j U L » l& Ha' j&ti <*j^l ulkil j 1 ^ ^ 

till*, ^ij . AJE = Am^ i±Li*il ^ - ^ l| ^ J ^ 3^" '■ J^ ^ jiiJ> 

im = lus 1,6606 x lO-s'kg : si* 

Atf = 1,492 x IO" 10 J = 981.5 MeV 

■ . 031.5 MeV 






jjU ^*j 2 pij J^JJI ^0 £He f ^ ! OjiJl HSU! Lm* ^ J ^* 
. Ljj J£J ^ ulti^j . tfljil ySJI J^jll «lt v-* 1 . 4.002(>04ii 

V j^| I3LL o I**!* >>! ^1 *rUjWJ ^» L. . J1>w 

fc«) tJu jJi 4*^ m j» li* J&\ j^i ^ >L>j ■ i] y o^i ^ Vi l *^ 
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( ±4 j JJI iPj-J 1 ) jjiyoJlj jjUJl Jidill 



, 981.5 MeVlajbLuW 

Lltf J ■>*'- ^SwS J£Sj 1.007276 u IajIjL, iitf J^ gdri J£J : 4jL>VI 
yt ^lJL^ul» ajSj Li* *$ d^D ^91 &2I ty&ff A*) . l.«)8eC5u UJA 
m M - 2(1.008665 u) + 2(1.007276 u) = 4.031582 u 

fi^JI j He BljiilS ^nL : Jlj* 
JUJ U&^j i ^j^l Utf i+Jj L^ 31WI x^jJI U&! Uij : *j1>VI 
, c%Jfl| ^j VII, Ji*f jtfj Jji ojj^? 1 c* «xA»j ^ jbtill JgJI ^EO 

4.002604 u - KQdQ0Q648 a) = 4.W1506 u 

; ^ (J Jo£SI uflUI jl ifl 
Am = 4.031882 u - 4,001500 u = 0-030376 u 

: ^yai^l UU-Li 

i^jH tt& = (0.030376 u) (931.5 MeV/u.) - 28.29 McV 

L^ j£J kfj\ ulb J*^ = 28,2SMcV - 7.073 MeV 

, 28-3 Ji^b tyfjjl <*^5JL **£)) &ia Ujb 44* 
i Lfc£J! jIjJL L , 13.6 eV j^jj-i^J 3jj J &jjj8$ Ja^j oUj £Jj$ : jJ^ 

jjj Mj * L*^ j^ S o#*y j**J1 >* M oi*j . 1.46 x lfl- fl : U>"i\ 



^k&JflMJI 28-5 



SJ^j5' Jj^lyil Jbt jjjli jji $ L^Ji ^ I . ^jJ^i ^LUI i^jjj Djw5 ^jhW^ 
jji-i LtS aljJJl jljAi-l ^ j^hJI L^Li y* Cwl jjii Jj!_j£ JUij . bjii-* 
jjjl oUjjj^lj oUyjj^Jl i^Lsj*** ,)_> JJi Ji* ^4-) uJli* ^j , li>ll 
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( iijilt SIpJI ) ojjAuJIj jrfljJI >*Jl 



ij^jj jl5I ^jUj Jtjj . h-U JjJL ' fcj ^LS IjI jj ' j.l .. ..n j j-jV ll lSj-jj! uj-£j ■j->' 

; 'j-» (Jjtj—i lL'Ui JjjjJI t^ijLj ^1 jl , 28-4 J-LyJl y— 4 T^lj j* l*^ oLt^jji/l 

I'l L i_ta /L-M 2M Jiill ^ dj jLall j^l JU« ^1 ^ pijl ^) pIjS 
, Li L*_jj «j*jh*a j,jP g*iw yji jj* Z Ifjj JJjJ jjJI jyji <J* o' 
LJIL uij ul» v»j ifL*'- j**j Ch LxJLilj ^jL»j j' /J-Li-i ^ lSjj-'' i » !p" ", ; 

J^itfl jjj ^Lk^VI hUx>}\ Lfjit jJk; Li+t <Ll3i Lr -4tL^ J ij^ ?L»ili 

0Ji>J Hjji ^"^ Jj^-j ^^J *J**itl«ll ,ilL»Jl iljiJUvL; ItftkWj t iiiulLl 

L*[ ( llj+5 UjUUIj iJLJl U*Oll c*tij t LWI <i*ill old : 3UJI j* 
IjJibl 1Uj oUUAll Ly» jmJ>J ^ &#*te iji»LJi jli' j*j Ji Ij* i*|i 

Jj^*jj ijtui L^/^fi jjj*ii j*j ) <# L.U, $ is^j (a) Lit! M y^ 

/J ■'■ | - i ; '7- ^i* *Hk ^ ^a a oLy*^ jl yL> lJj/u Lj^-j Jj ( e l b i a 







10 55 30 ffl 58 M 



■,>:i 



tosa- 



( 4jj,jJi aluJI ) jjjijJ\} jjliJI J-diJ! 



1 



HjV 



U 1 ~*- } l| )> i j 1-1 J . I AjJll + ■ I llj- >] li.iJi.L 

-L*2 j^A |% tfjl ^Pll ?$&£$ 

<D— ■ ICO W $Z b& i—* (RTG) 

j— • 30 V ijlJt* j^j ijjjjiii S jJiSi 



II.'. ' t ..„L ; .^ 







j*j . UUj ji / j l^-> (iiltl I JJ IjljHZL- »1 jl£l ^-ajj LpUs L^aii. *ikL>J Lpli 
; fljJJl ;> VJ^ 1 ^J^M ^"^ JJ** ^^J ■ ^*" <J^ u*^*' ^ iUi J**J 

J 

ilj L^s dIj_J1 £j-£ ; *-^J* *-^J (j-Jj ( *<$ J*' *ty*J1 i> -4^1 ^ 
r -fliLDJ Jibub cuS ji iljjJl ji Jji* t VJ.rf-^ p!* 1 "-^ r*-^ J^* , ' J ^^ 
blj-J J_i) ji JfcL-il jjJ ijJjjN j*_a*^ J>L) JjudlJ Bj*LJI tjutJJl ai* jJajj 

jj JUO'l ji ^_JUi ji jlfi jJa; jil ! ^j Ai ij-j djj* ^ J*J3 al J h*f 

b JJ . _J J»jj--.- i>jJl JJ-nJl jLi Ij— * j-» t\y iV Lfj 3jU j^j 4Jg£ Iju J jli' 

: ■■_v<.- ji m > «kL*i; A'^ yt /if UtjljJb ijij; 

AJV= WM* (2S-2) 

^j* jil^j _^ju ^j^ ji ^4* ^ ^jl aWjIjsii J jj yui tpf js& } 

, 28-12 »JtJI jS j« Liui JjLL J^j 

(28 2) UjWI Jjia-b ^j . f - "^JJl j^ ^^ &jj A T fl ^^ 0' ** 

^1 JJb^VI Lf J*« ^Li^l in ^JJI II. jjft jJky . 28-5 J-iiJI 
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(CjjJIilyJIJOj^J^J^ 1 



it 



: j tl| iv^Jl JaJI JupjJI ^1 J:Wtfi ilt*! l&o 







r W %2 ^lfi "^Iti 

^LaiiL J -I ■"■ *£ t-Lu Ji" i <ljl Ja>% . Tv2 L_LsJt J* 28—5 JS-iJi t^ud 

, (-)"N Q p J^i, ^Jj J$ ^jJi jjil j^i 
238 sj-yijJU ■ * - -^ v 1 1 j_^o t !jj_*S u^Lu <n*Ui jljll J iJufljJI jUp* jjLjjb 
jU U 4m 1 600 Jl 226 ^IjJI SJU ^ J^y l^u ( &< o>^ 4.47 jl J^ 

u-LajJ I jj* Jidj "i' L±cUj jruuj ^jJI iuiil jljil ,> jjjSil jl US . u**j fjj 3,8 
UlA> Ja^a: j-UJ! boa Jii »^ iji |> jyi ^j . I^IUI (> j-£ Jl ^ UuJ 

L O vJl JJ tM JlIU ,JWl>r JoJL uLsfljJl l*£ jl djjj jl jtiuW <U+1 *l J4J 
SlaJ j^ : " " jj* . LfuJtJ- &lw -US jAiiti JjJl OlijJL Lulu.' Ujji? i>V "3 jjj JJ J 
jjJJUu 1 LoJU/ LOUuMJiLi Jj>[ 3ljj Jl Jj>lO 4Jw j_jjl* . Hid . SJjii* »jjjlj 

^Liii" ijl ) LuLo^J Uu L_llc I r L> i 1)1 J* l ii>lj i*L jj»u ^j>i 3!y 

, ilw 1600 ji 1 L>Lil JsU^^i'L p^jljl 
j-iuuLU >j 2\a _jT A : : J^biaj'lll Jjm lIj^J uL^jIj j"il LiuJ l^j«>i jH 
i J.L_xJlj JJLiiH uL> JJ UL>J lilj , j»l ji Jiij jl^ll otUL^ &1 

; jl cjLu] Lajluj 

A Tib = 0-693 = In 2 (29-3) 

. ^JjLhII 5Jl5 JLwLi^ l^J> r\j>j 3jJjlS j^jj (|J*rfJ 
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( <bjjJl SIjoJI ) jj^hjJIj jjlJI JtdiJI 



28-4 u*Jrfj^ JUt 

jj lj-LJi ^j-i *j>1^j ^ JLy^Jll ^^Uliil ^ *i* jjJJu j*j 131 jjjjJI ULws »j.: 
r^A: ^> ■ ^ j^j^* 1 ^jjJ! ^1 ^ *^ * p-^n'I J^tj ^3^ f^ 6*> *j| 

j*£il| li^J J^JI j^_j . 4j/jjJI Willibj «bj ^ JLy ^jJ! pUJiU IjJuu 

•Uj 131 L ^j 20 mg UjIjL LuS udi jJ iLi^L-Jl j*l &| ui . .Li 8 yt 
V ( lijj ) (493 oil *0* Jw J^fl 13L I j^JI iaJ^itS. dy. 48 «l L^M, 

«jj #j |> njli'i.j'ij i *Lji fi ti*j* UtS* (J_oill Jl jjJl Jjk*jj : j4*jj JVjIjI 

: JtUI u^\ 



48 


40 


32 


24 


IS 


0.313 


0,G25 


1.25 


2.5 


5 



8 
10 



( fi oijJl 
20 (mg) jjJ 



0,313 mg jj-r 5jL>^I 20 my ^ ^iii; ^ Ljj 48 tU&l i» 01 ji 



LaJ -U_^ 






ijj_^II IjUI jbL j* UiJV j , AN/Ai = -JW (28-2) iLUll &i li*J ; k!*VI 

&* j*tf U fcUj , I = 0.693 7w oi **J ■ 284 "JjIaII Jl ^L : ^ Ji 

i J iV jjJJ I^UfUl l*Mii\ ii^ju, j iiiill Ljjj Ju£ : JlL 
sjLLl ;>. LLtf ji t &jU Li |>( JVrt jjjU-y! jj* ) lmol $ jijj JIaJ : Ll>^l 
^jL** ^Co >JC1J it^lfl J^SI J&A M*$ . IjjJi Iftt Ljjji jjL; ( ^I^L ) 
oj5y— M Ct.i ^>^i 1 g ^>Li li^Jj Ljiju .!ij1 ~*uii Jj ; 60 ^jU: **j A Itill jj*J 

. oiy (1/60Wa s 
* lw 21 jj^ jjij ^^ w Co ^ jac M»f Jill U i fat) »}*Ji Ijwfij : Ji> 
^ 21 jjj JU JV £y£ iUifj ( J-j jUU JlJ ii- 21 yi J3*H : 4jI>-) , I 



16 
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( Ajjjjl i\$\ ) ujjiudlj ^1 JrfjJl 



%f JV= $ (6.023 x HP) ^ LOE5 x IP jl5' UiJ y i1£jU*MjJ*)I 
. f 5,2(5 yr = 1.66 x 10*5 *^ ) ^ A^Wf $&j 



iV 



& 



1.66xlO B t 
= 4J9x in iJ <3ei:wy/s 



ty£j lb .J*} . My (—Xl-UU k 10 22 ) = 6,25 x 1 n 20 S^S] *f JfrlSH t$ 
2.62 x 1$ j| , yjjji ^UliJi ^ -L ILL* ^j li* 21 juy ft**ll ^Uij 

5j^ ^L* iuliu ( J^l ^j ) J^wl i &$ ii i*^ , L;tiii ^ tsU-;i 

, tf jlji* £* jla^l jiu ^Co J^b-a*^' 

^JlWfl 2fMi 

L£j |J*JI ^i tin* Jj^ju ( 28-5 J1D1 J JjI_jJI ^ JS*— ^» ji*i. 

yjjdiH j^t SjjJ J_i JLfluJl jbi* j"*^'; ifiiijS jls i &L*JI p**JI ^ Uj*Li 

; Jill I *aJ1 ^k LjLj iji-s ^i ^1*^11 J^ju ^5Ujj , .JiH\ j»>J( J* iliJl 

, 2.71B^S jjUj if A*±Jl Ajlijlil 
L-UJ! ofil f-U ^ ; Ub- li* U^ t^I jj 28-4 iJjUll JL^Ij 
alt L- *#-*l* Uld^J j_& pj ti| Ui i DijJl oj+J ( jM»)i] Ifl Vjl 1 
. »1j|l ^ jj jj^jll L-^l Jljdll Jj^ ^ ^IjJ ( gj>l*l »lJ^jJ ^l&jll 



28-ft jJ^wjJ Jli» 

a»L« JJ i**/il a>£J! &3 Aii^j i 4.5 x Wyr p 238 ^jJI J-ill ;** 
()\-£ [5UI f^ljjiH *«J y L , 4,0 x UPjff ^ jh ( 4jL? uplift jU= ) 

; (28-4) SUiilj LttatiK] &jSS j>k^ : jiti* JftJBd 

A _ 0.693 . 0-6&3 = li4x 10 io F i 

Tyj 4,5x!0' J yr 



: il i^J U>j 



N -f k ~ B m [lM x Iff l0 ^r-'xi'lil^'fl 



JV rt 



= e" nfilfi = 0.54 
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( 'LjJJI iil_$jJ! ) jjjjuJIj jjliJl J*iN 






28-3JL1* 
l^uL) U* Lj . 12-0 h j^ nu Ii^j dj j &i ^..tji (90%) 4ULj ftj** jV 

f %% L-JJI tj* j)A* ^* Li ; Jljpj 

jjij SjUj . No jJi\ jjJI J! l5>J1 6* jj^l' ^' C* V^ 1 j» : %^ 

. t - 12 h Lirf A r / Hi LJ ^ 
f f 3 fc #* ^ i^y I #>UJl ^ L : Jlj- 
, $}%*f M : (28-4) 2U4I l#jl . Ifaf 

; gy JJJJj , fog, # -»ir ": oL^U^ ULdl LUll L*L»Jl p JaI : U*? 1 

. A jL^J t^» ^i* yk<j 

; J ^ ^L*J| 'ifi'l ^Jil^Li ■ JL^LJljJjJI 

la I J-)= In 0.90 = -0.105 

Jjj! ^| *jj£ l_,j^3 , $U Lib ijJj _^ i$ jiyJJl f"/*^' &' ^^ 
■ ,> XjI^I L^£«j l JiU . L> r A LJ J*^ ^1 ^ ipf\ *i* ji **** 
-A ( 1.2 h) - -0,105 A = 8.75 x 10 Mi = 2.43 x 10^8 



$A iJwull _J*i yj^ 



JTis- 



Q.G93 



79.2 h 



y.75xl0" 3 /h 



124 s , 0,00558 k" 1 :Utf\ 



^ 



jjujU I ^Ufc^j JsUJ! J J jjUl ^ oliLwiVI 28-7 



a_ ,,UJl f \jSi\ u**A 26-6 JfcJI J L rj llS Lj*j Ji JSl/ll ^yi Ui 

Lf>w Ltj> Lui j_Le i^jJl ;> *WH CiLs^'l Ui jju) Ljaj l^irf O 1 J*i 



1087- 



( 4-jtjJJI iljitl ) jjjaJj frW J^iJI 



i U*JI ^ UH jlj i i+J U^ 1 uLty I £frj J ui^l LjJl Jj*£ 
; *L-Sl CL-skjii oUU^H »ji ,)li JJ ,> lijfi Lfy , H**SJI V^ <^ ^' 
. J^Sl J hxn &SJ J tf$ ip i (0 LI* odj (0) bLy Uifj (a) Ull h£\ 



bMj^O 1 




JLiu^L c«Li HjJrti &1 _jJj . "dl* utb dj LI* 4jJ Uj UJJi ^^l *3WI 
ill jljIIsj jfill UU- Uil jjjji ijj Ei *iiJj oli iJU jl E2 *5Lt oli "J I* $j 



/' 



^"^1 



ii i " -i 7i_^ij_ 



ui> i?juJ jiijtfM l+^/ Jj*4 ^joc ^ In ory J^k h^ 1 ^' '^j 



JJLu j^Jji j]b jlk; UXu ilyJl tilk jjJ) o^i jie jU»i 1*1* M*S r^iiwlJ 

. ^ jsj&i JKjjl J^ fflU jl* IJ! l^I JJO 



jj_il L^^ i^lij i tU J] jlkJUill 
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( ibjjJI lijjJi ) jj jf ijL 1 l_; jjliii w UiJl 



oLUIj , objj^j , &Uj . ^A jiSI (JS& IL; oL,-.* aAU tijJI t> jjifll jlL 

Lj_J j^J 5l$_iJlj lj_J; DJUbU $ «_*>J liUjiil iijj> Jj£ 3 ! i*jJl J>b OJJO jS)| 

ijj-M j ji ojj-^ ^jj^ j-^ UiLd Jj^ o' ^ "A^ 1 $ ^j ' ^ii^l 

u4 iUJI Jjlu LU£uj j^jiSPil i*^v Li# jvj^uL slyjl Jftiis-Jji . jjjlSjjj 

; jUIli' *X l»>j J t£ 0* 1^ 
i tljiill bIjMI ^y JL: i ( ijy^rtl ) ijuill Utf ^ Ji .*« >>! >^> 

UuAt j^aj dJiij s ijj'J! s^i ^ji (jin > jisi jiLo| ijjjj^ ji* y»*^i 

J_i-L jj LS J_b ^U^Ji J^ ^ Ay US JM -JbLSJl jju: L.I „ 2 + 1 JjiJI 

lill> LLL> Ldftl jJLu du> i Ul> 4A^i iU^I ill* ji ^^ U liy> 

Liu rj -\ LJU* uijJ* 28-7 JSJJI <pe$£i . isUJ' uii i> <J>^ J-J* j* ^Uu 
^ jJtOdl ^ J3 pj^«» iuuJl tfl <cS ; <uijU U _ja ^rJ lia o ( j^ ■ U*V 

i^tS u' >» j8 pJ-"* ^UjiJI Jj» ^j*Tfl 3jj*Jl j5!iaJI ^j , i*iU>iJlj LuLL^'l 

ifjjjl jliijl ■tljlC iUail sL^^i J JjLiuj LjLw Cwji jJLuul jj^)'' ^ i - i 

li-t j^j J* jiLu j_Uw JJj JI Jjsjili J Jij . }>i_p)±> ^ ^fJ' !i* 




0,3 H'l 0.6 01 id 1.2 
:M-7Jiii 



^K 



jLyj^j ) »jji ^Jj-j Ikjjj jij , (fit) IdJl oLu-*^- still i^jaJi y«j <> ii*iJj 



2 ^R Q >*Hn + jHe + 7 
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( 'LijiJl alull ) jtjjiiJIj jjIjJI J^iJI 



, t±JjJl 51 JL UiLII oLjjLu J*> cjLi^Lu sjj> LL> it*i 'n^uj . LaL*- 

28-6 j**^ Jk 

3_JWl i^ji . a iL^I *kJjj dLSij 21S iyffofl J[ 222 jjjIjJI Jj^; 
i 22! Rn = 222,01753 u ^ ^ill JiiU s^jil lH\i . i*JJ a ^ l&fl\ 

,*Hee 4.00263 u i Wo = 218,00893 u 

44 JjliiJi lis i Ujill J JittJl : .J&ij JUjU 
5&ll j> Jlttl = n.00n<)7 u a 222,01753 - (218.00893 + 4.C0263* 
^j liltiH 4SILII gP ( 931,5 MeV UjIja* ISlfc ^ 1 u J ^Vj 
4iLtJ( = (931.5 McV/u) (0.06597 u) = 5.56 MeV 
, 5.49 MeV ^* -d qm^i .Jdl «UaJI o 1 ^v* l "^ !| ^ p^** <* Hr^ 6**i} 



LjjUloiUliiJl 28-8 



iki_ju rjLu j-oLLl *—Jil jj U*Uitf>j Jill j3 J # ^Uj**> JibMJl *kj jjuw 

t dlJj > Sj^j . 226 = 222 + 4 , o^WJI ^ LjU, A pi ^1 jjljd >j 

. W + a = 88 jLJ C^ftiyi Jj=UojI jij . ^LJl 
L Lls4A*( ijjJw (ji xSi iSj-M &\*& Ji^j <i>JJlj cAj$\ j*P v^L> J!j 
jJijjj^jJl j! J^i i>i i^ii ij . aia *LiJl &ittil fu*>Jl ^jjiJI o^lid' jifij 

U»t£U «UsJl iOj ^i U t Lii utU] Vy , Qlkllj ^IjJlj iAiJI Jy^l L*^ 
- WW - 



1 



( h3 itjjji ) jjjiJij &m j^iji 



oSUUaJl 4-fljJ dIjIS ti* J:yij i Jelivl Jju LJiJl 4iLkJU L^U j^5J jlj j^Tl 
i ill) i 1918 fU oj^JI cOUUiJ! Jtyl ,> Ij>Ij Jj^jJ; ijj+l W*j *yj!N 

r * m 

jjJll jJ jjljJl Jji^'l Jj Msfyil U&u i J^IajJI ttft ^A Jjjil J/i jflj 



^Wl^J^Jl 


Jsli^i ji J3ffl| 


1&80&1 ii- 9 wii = J '0 <Jtf 
1,0078 U-T^Wr^WStef 


14.0031 u-7m.-^N '&S 

4,OO^u-2nj t - j He5M 


J8.0DfiRi]-f)m ( = iil£JllKJI 


18.0057 u- 8 fl& = *$& l M 



4j»^mJI ji aiyi ^ jU« du*i Bj fj asi ^ ^| a% X> ■ 0.0012 u 

j.^yJl JLill ^ Lutj Li t 931.5 MeV UjkjL. iitt ^l£ 1.0 u &l ^j 
oil? ulks i Jfitifi ii» gji Ojflt jlJij i i^Jl ji M*jH $ liJ ' 8H f*j 
LiLL ^ilLdl fl ^J ^Ij 1.1 MeV = (931/1) (0.0012) l^bi* i*jL> 
U *Ji *JIJ(* , ijj*U V-li J*ltil 11* >*; ^ jfll ^ jUOl lofj 4i>» 
^Ji dU ( >Lti! ll> JJu jj LJui tU*. Jfc j! V^ 1 ^J ^ iB 

Lilt j>.;--.^.^ l i>^j gl J-f^ d 1 ^ ^U ^M^j ' ^LpJ' 6* *^ lJI3 ^ i^lfJl 

, Li£« J^Liil &£j ji> 1.1 MeV u* >' 

. 19,99999 u ^jjJ^ l+iLiSj < Cyjwi 1 1 i «s*ljj^ & ^ ^jS» »l> 4;-^ u 1 v* 

LlLS'I iljjl ji _jJ ^^ ^1 SjJ^ tljJI ^ U [v) ? j*^^ I J» ^ L* { ! ) 
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( ijjiJi tipi ) ^ywij i*tiN >ai 



f A <J iJKJl jjp ^ Lj Z - 9 d ^ ill ^1 ^i L* : Jlj-. 

, *F M /jji I Vj A = 20 . F j^LUi ^ tij : lfc$ 

? ft il^ A j 2 ^ ^ H j Of JiA**^i &n J* *LuL tfUl U ; Jlj- 

L*i . ol±_>j «jjL A Iwij, t g>mj*^ Z 4+J i>iiiu ft J^>*jl •jlj : 4jI*)H 

* JSU*All iji> lulii| jj*i jifl IjjJI _j« U : Jlj* 

±* £juy L* jJLs! jl j^i Jk+ffr Jj iJ£Sl Hsfll cOtf iji U ji : <jL>^ 

. 4i*j j> 0^ ^ j^ 1 J^**^^l $ ' d3b*J?!fl Ji Jji >_JIS tip d!j 

M( ,fi N|- 16.00610 u i M ( 1 Hc) -4.0028} u a JWM L«JJL ( oU£ll ) 
. Af ( 5 %) = 19&9S4-1 u * M («-) = 0,00055 u J*WJ i^JLj 
^ Jelitfl j« J£II p^* yli a JiUal v-ilL.JuiJUJvjjWl 
Jlf m = 4.002G0 u + 16U0610 u - 20.00870 u 

iJ C JiL**il $ JiJj . 2!> F jP LLAl !£&! ■> 0,00871 u ^ j^ I jtj 

(0.00871)031.5) = 8.1 1 MeV 

M Ml = OM)GGu I 19.9244 u = 19 99299 u 
*Lii 1j ) a) F Ajfci^ dUiJj , LL-Sl *Jtfl > 0.00700 u ^ Jsl jl^it Ijjij 

. (0,00700 a) (931.5 MeV) « 6.52 dnV ^ ^LJI u^l> 



J jaj^1^Ui^li>lijJI>5b 28-9 



f il_* lfiOO _jJ- *^i Jfl y* Jail' uM; , j^*J^ Si^J J^wJI j^ o! ■ T** t**)"' 
t Jl**i^l j^Us JI LiLjJ I JU . C^l u-« fe^ R*-» ^j^ [ j^ 1 (jii U«j 
11* Ij>j*jj o^ LiJJI jj*JI J! fj-jljil tljj J LlJU j^l jj^II L*i ji bj>y 
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( LjiH SljjJI ) jjjiJIj £»BJI >AJ> 



Jl Lijj*j ^ ^i ^ _^ j^l a^ jUi iU is *4J| ^k^Jl LUjJI j jU 

j*k oii ;ll grfj; |$ ^Si ^ s^ <j jjlji ^iii ^ij f> »i;i o! 

j*j i ii* 4,47 x 10 B ^ J^ yj J _ ^U . 2JH ^Ijjilli . 4jUU JjjL 



?1J - JHb + 2 ^Th 



ji&i fj|J jAridl JJ 23B U jj_^ liifij t .^yil) iljj ^ ijjj! Bljill <^> 



go 



« + »fp& + Sv 



91 ' 



, j H-W.o ljij ij jA tJuJJI skill iiy> 



2Mi 



2i4 Pi k °* 4. m ]] j. K 



:28-BJiJ 




; "S fflf--(-.>rS„ 

s ~~~i \ l-M 

i 2&J234 230 1226 j 222; 218 ?I4 1 210 j 306 

A j jiiHLKI< ids 
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(^jjJUijilOojjSJijj*^ 1 ^! 



J^,L^ 28-8 JiiJI ^j . ' D6 Pb t j^UjJI ^ yi>Jl oi* ^ fy. jSU 
*jjjJ1 Lu*i Ulttil J5U**$I *U£*}i ^1 Ml > ^J ■ m ™ UbJ 

. .Hi si>ji J5U*tfJ M^ 

. ^| ^ ^U^ll JrUJi J^U*-rt ab>i jb^ oWJ- U ^ 
S^ Y47*l0» 23a (j ^jjJ , U» fi*j J J*6 fif b* j# *rt ^>^< ^ ^ L tf-* J* W**' 



28-1 J.j^ 






1\ 



82 
HBpk 1.41xlO w 232 m. M*j$ 

Rffn, ?.04xlO d HSti pja^fill 



28 7 ^rfjj Jl* 
JjjJ ^ ^1 2i2 Th ,>, LL»Si *j4II j*£ 3* Ui ii- 3 x Iff" ^1 ^ $ Ui 

^1 lUjj i 1.41 x 1U 10 yr ui™Th jjaill J^JJi^tf : ^JJaw JlslJ 
( J^j . i= 4.01 a 10-" y r ' itl^j Mia = 0.693 J D| . Ma - <?"* 

ull I a — = a" :iS] x lt! ,1,, J ,r: "' ul " 10S ^ = B^ 54 * =0,782 



. pJI J| i w cJijI w Th ^ ailb 78 jl r fcl # 

j 4> uw i ^ tA>Vi > W ^ f^^ 1 ^^ ° , ^ JI ^ f^ ; ^ 

2.S!i x 10 10 jt : £jL>VI ? ^L*JI ti>J gj 
JjUl^^lOlUUj 28-10 




jU^I L^i ^jIjjI U3' * J^>^i gLa^l jjL^j Vi^ 1 Jj^ uu ^' jl 3 W* 
pd ^> jj^ U)^i 4^j>ii jijii ^j ^^ L r^i jl* ^i W ^ ( 

, tU^i^U ij-uijJI oiybl! ^J*j 



. .1^1 jj ^ X^ 1 
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( ijjjJI iljjjl ) jjjijJlj ^liJl jjiji 




Uti : ^L! J_.lj* «$J Je, LSI* aU, jj pws- L^ jffl *l^l J^j 

f ^ UjJ* 4#mJ ^ Jj*i (O.OD055 u) jjjiiJl du*j jjjl $j jtti [it 

U**J jl ^ ^j +2e Ujljii U>*i LiJi w— *J ^i Jj JLc jj . Jlil»i Ijjs 
J*ij Lu jjSl Luj*II oUsvU^ J* jj^i ipjfi ijL Jiy ilUJ ^fj i -e ti|lJ£rjll 
jSfl Jii tjU Jjb ^ oljJJt ^tu U)i •*** .jL -L^i aifjj , ^j^Nl 

C;l JJ ijil JjLl *JL, .aJsL jjjj^J^I giS" u jj Li+bU» JS LiBLt y i jl tfpJI J 
jjj &13 j jJ SjLwj „ Luljaj^fi ilLbJI ^ -J ^i UJ| p^^y. ijh . jiji 
jil l^jiJl pjJlj . liW I ^JJ d jUi Li]f ^^ ^ij $j ^ & jjsfl^| 
10 cm : a hM^J ^-JL 1 i:m =j *L*J , J 2 MeV \^M> ,j)l oU^i 
. j^kia jji*i ^J^ jJl SjUI Uui oj[j Ujjfj ^OiJyJ ***X 100Q cm ^1! ^'b 
jJbij . Uttfl *_, LJyj^ li-if ^Lil jjJi &i ji , yJ\ jjll jtf US' , u^i 
jJ ( p - 1,29 kgfttt 3 tljjJI U6S ) 10 cm tL^Ji ^i Wi p_i* jju jjL JJ 
C/i = 2700 kg/m 3 ) j^y^Jl JM> _^ ^p. sj^ 0.005 un j*J ^ jail J &> 

Jt l UQ£ll ItJLi wU ^*J 4 ytfLtfjJl »|ji>lwl ilj IJL1 dbjJ [Lolj ^jjii jj jlLJj 

, Miijil ol3lbJl olj oL^I jj liljl *i^l 
*Uuj ji j^jJi JLLI ^i ^j , sjUJJ l^iljSil .LJui y* jjjj J ^ ^1 

U^ Vj L^J U*^ D ^ ( ^i'l Ltiij ) LU i*ii Jl^j J^J| ^ ^ 

^iLLrf^J j^J ijuiLj *^ ojaLi d)l jj^lj tiLJ^'l o^ J! cf^j' i}'- 1 ^ ^J 

jl) Uij , iLWJ I'Ui jjjSjj i>Jj| ^*j ^i'l I*ii ji J jJt ; oiti Ijjj *lLj|j 

t uii'l sjUI iUb ^15' Uij . 4*iKl jauJ hh Jj-|j Li Sjj i pLljjiSiyi jj£ 

. Ul> luJfji ^J iwl iJltil Jip IjJjis cjjIj LIS" 

^I^JUil 28-11 

jl UjUj iLi* is iiijjll yljjjl ujIj fUi^lj cjUj^I oUiLS ^vu J .jjolj 

jjs *jj|j#jjji, r l oLuLviJI oilS jjj , oLu-j^JI oljLi JJ? ic jiiii liLwsl 

(1J jjL-J! f LJ)'I ^ JJ£U J^S^.LilJ jJj * ^Ui)U oliilS Jji 

i ta>!j 5^ jjm j.i*v««j 1 I^JI ^i oU>iJ.I L_uf jdSLj . 18% »U »*ijj^ili 

. oj*Sl jjisJJ UiliJl ^L*Jf JJ jiii; L^jl LtS 
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( 4rfj j)l iljifl ) jjjSJIj j*W >a 




Jpy 







j i.- 






^ij .*«*, jLiJl ibLia &jS3J i u^Wi dij jk JSL tfj i ftfcjgj jiis JiL 
. oUliiJI & jCT ijj* ^k 5^ h**1| oijLi* ^jusu ^UjJj alijtfil ^ilj* 

j*jL* jIjls jjyill L^iU ^*j , Sij^i o*^*vJl ^liili' flyi jtfi j*j l_^Uj 
A*j3 "J 4_ib jIjjJI J! ^lo f L*i| JU» o£ *l L.ji# . 28-0 Jii)i i^ isifl 
Ijj Ll . tpidll ^ jW ell j*; ^ -JJilj SjlJ^I <fljAl ^ l#I jWl ^ ^^ 

jj^l JMI $% ■ i&Ji ilL-Jlj fcljlJil u# fSUll ^1 J M jjfc ^*J 
_^J ^j*j US" jLiH< lS>I CiIjJ 6*^ ^=%^lj ^J^ 1 fj** **N ^' <> 
j^il l^ll jf* jUI jlidl rt* ^ *fci«j . ^11**^ jW^I *^ "^ Ui <y*A' 

jfji>! Jjj^j , Lnjjiw LiL?^! oUj/il o* wirf 1 ^' <> i^' J 1 ^ 1 &• ^ 

jJp i^ai ifjJi oUw !>jk; ^ . ^ISII jj ^ jlrf ^ jjtfi J| C^J* p*-^ 

Lpjj^l U IJJ ^1 L^ jJu ^1 jIjII lj* ^y j**#j" ^ lj *' i * f- 4 *^ 
^J* Lji>Jl *^j«JI j^jjd oijjlj jI^LI J? ^ fry , ij^S oQ? o'j lhLu*> 



100 V ^ <w ^ x& J ^jj^l »1» ^U3j . ( 28-10 J£AH ) ^ 



^jjiliJtLiJiajfJi 



:28 10 J" 



[-'■*-.' 




109fl 



r 



( ^jill iljiJI ) u)_r*l\) £*fll J*A)I 



. SiiK iljIjj Luuvj <Uu*j jij ■ >t,y 4fU«"' t>j olcilSJI 

fUjM^j 28-12 



i+fii ^ ^ rt-i j5j * #U4>l ^jA j-»wi ^ J ft* /^ ^ 1^*1 J 

jij . ^Sl ^ ;m GtfL* J! ^j-fc jUI uijjIjJI jl* 6* fl - ^ ^'W 
j4-j5 4Ji* *£ U* ojtJi" wkyl »o>jw4 1 ?l*i^U ojjii olj>j ^Jl jlj* jl* cufyi 

jjUll Ueli 
jj 1*4*; ^1 LiiUiiJl jjp ^ ( I^L Uj5j Ls' ^UipiJ ji** -ubls >w 

J At 

. m DjijL l^j J J*** t5^' sly" J- 1 * J" ^ ^ 

(1 Bq) j-*lj J^jj ciJtli ^1 jajIIj ■ (.Bq) JrfjSjjJI ^ Ueliil SI "»jj 
1 ilLS jjj jjj Lh #j4' *J>J 2H&J ■ W J^jS&ii ^j*> ti JJi _jt 
j^ ^j , LiLu 1 Ci = 3.7 x LP Rq i^. (Ci) jjjSJI yj i^ Jtji 
O^M, **l 3.7 x 10 1 " Bq (1 Ci) Ujlw iJftli 0> Ji j*^ ; ptijVl a3* <^> 

. Lill UJ| jiUIl Cp jJS ^ /UJjti Wall ia* (> ml^l 

LbLUO ^JL^I ijUil ^ J*>J ^ v (384) j (28-2J ^Wl J] ! ^j 

^liJj s M.0^« (38-fi) 

, 28-8 jfl^jiH Jill <y uihM 3Jjl*ll oi* &*% 

^ji^j bii 6* j^i sa>j 1^*1 ^jti tityi <^< ^ UJi **>»Ji t ^i A 

J yj J/kg J^ *L£ JilJ^ ^ "<J SI *Jjjfl ^"^b ■ g!**J **> J 1 * 4 
-1WI7- 



( "Ljill iljjJl ) ^jijJlj j*ljJl Jjill 



: ^ Mil sj+J 4jj£ll SjLLI yJL* i> U^il VjjfJl oj&i i £ iiUaJi ,> ijijiU 

U*l! ^-^Jl (Gy) = ^ J/ktf 
■^ m 

i j^ii ti*j JUaj , , 1 J/kg ^jU; Lnl« 4JU» ^ili 1 fly ^|i j^l SjLuj 
liiLi* i L-jUI ^j->J ( lM 1 Llajl jjWjuJJ _ rad jIjJI ^j JLu^Vl lj$£ 

, 1 rad = 0.01 Gy 

L^Jj ; ^x^>i fUi^li fjJj lilt jl* ^jtwjJI *«^Ji jk fUi^i _>uL; j-iu 1i 

olj^llJI JL«j jSlj *Ll5][I iUjJ f-v^l 6j Uj*II *iiaill ^ W j^m 
Liilill i-c^JI ^-t_j LjeUi^l ^j*U y-i Cl#u ^jlj^lj lli[j fOupU ^ji*Ji 
tU^Jl jjwb iJjliU ^(Jw^ J*U« ji LjjjL IdiJl ^>*JI 4l?L# ^j i Ly$* 
^ Le^JI oij Sx»jj , fjJJI j-U 200 keV L^LL yi) l^i ^ f ^Ul 
jjii L^J ^jJI lj]i ol^vj*- 6-j Uj* jJi ^li» wi^iiJj , (Sv) « OjijJI » 
|5{i . 200 keV Lpsll) jjJI ^J Uil 3j J i* 3jj 15 j$ ; *>JJi Jto OjmjJ 
l^iS 1 lJj*». LiiKil i*j^Jl L)|i i LoJ i* oL^»> ,>t 1 Gy UjIja* le_y> LujJ jlS 
Lc^l yLi i «UjpJij ylJ ^Us^l JcWjIl JjL; j}*j . IF) Sv £,j£ y^j 
jIj iijSl olij-yi cmj s JtL?j\ JJjJ vu-lill ^.Uil ^ jj£ ^ ^^ 
. 1 rem = 0,010 Sv i±> rem « ^ » oa>j ; JU*j-.1l< t^tti JljJ II ^tf 

2fl-8 jujij Jlu 
0.69M 



IMJI = 



isljiJl JiJ jJj : JV v^^ ^Jj . 8.8 X 10» 8 j f m - 2fi yr ULJI aia ^j 

JU ^jifcj ( 90 kg j*t ) ^f > 1 kmctl j,I /ii UiL* 1 1 g J ™Sr _^ ^ 

90feg 

. §i x 1013 jjLj ^yyi ^| ^j ^iJ| tii jsijii^Lj 
. tylifl ^j j>Ij ittiii 4ic ^Gj jiJi ™fir jJw jljii U ; ^j*I 

,1.89xlO- 1E kgiifl>)ll 



1W8 



{ ^jjJl tljill ) y>Jji*Jlj o*GJI J^Jl 



ji*i)fi jiy-i 



*-13 



dJjj LijL^ L3j£:i ijUl iUJ^U jlj_t jb ^1 jL*J< jL^I « 

, i-iiJl ii pUiiVl ^J^j* i^Ljmi 

Cjfi ^IJjj^lJ , ol*Jl jlj-oJj ux-ftvU' <L>aJ OjJ_* Jl jjjS Ljjl j| i L -4^Jl 
jjj o4"il iJiuM jAJ+jj . i_j+A"il LLJ iJUJl [Jut ji jlj*il j' "fl ■ ^^f-^ 

JJ Li I ^1 . LlLJI ijJl CjLLL _J /jljiSf jli <UiJjj (^HJ-iJS *_}*0 j3 J 4>-wAvil 

. ^Lull j_J si>i Utb Uj Jl IjLuJ i yjjjj^l "dJs J5^» 5jj>S r l ol^JI ^ ^ 

( jiLoUl yjjjl i-lfijl ) li'l'j— J^l ikl^L^ll J| lpj$ lift j3 UjLtJl £frj^ J3j 

4_*Lr*ii L*«j |> jijj i yA^i 4»- J! uL^ iS^I ^ ''"■■l | j^ 1 f|*i^ ^ J 

J_S i^ij-?3j La fjLtfj . LjjxJ jl Jjj*k 12 ; 4rfL*Jt^ll t«UJl ^* j)ai*if Jjj-mi 

LJu 1 mSv LujE LjjIjaii 4*sL*i] *J&- J] ijLjj 
J! * Jl LMi jjij L^li 4K f_i*Jl JdL j JII p bti^i (> <mjjJI ^Lyj-il Ul 

^ I jijflL JJI ipj^JI COlj Ijjj , 5U*JI JjU-\ Lf»4 >^«-sw liipv 3jja> <>jJ 

LfJ ji^ ^Jl iej*Jl ^1*^ £&£* jw Ojll jii ! 5.0 Sv ,>£ iUit ^i-jJ 1 
i&& >> ^lOl yij* 4^A*.l J» I^S LpLi , 1.0 Sv JJ j^ij <l*5l f-*Ji 
Pjjw Lj-Jli Jui jl 0.30 Sv L$ij ^ a^ jiSI oLijjJl Li , c«« ^ ^S $} 
^1 ^J* L.WI &\jjti\ oLi llJ D* *Uj*3l ili li|j , r ^! ^ ^L^ 1 

. 1 jjL> JJij L^iP liilS y|j t LLv iljjJvL jj£ rfi) 

jl ii_Loj [j| L*Lii> Jj ; »-L> olj t ij&Ji*# cjJI5 L^ Lj:i*i^ll cj'x^ijl ^1 
Jj*5 jJJlj U*L-*i ji DNA ^LV>» oi ^J ilSy . ^ J ^-^01 jLLUI 
Jjut |>s>a« li[j , f Ln-i^J J >iL j*^ ^P jJ-^ ^ ( J-^^^ wJau! oL^Wl 
j-L* *jL(.'Sl Jl Ji^J u^il *jJLUjJI ^L^Lil j[i i JLU *l^j*Jl *>** > ^ 
ijj^l Jyu dLj j! |> jifijJl jkj . *4^ cjIj^j ij^> JJ IJ* iS^iij ■ Loj^ 
jM^iiU Ljij /jj^; j_5 SjUI ijLLjJI kn^jk*^! ^ iji^JJi cjLijlJI jl ^k 
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( ^jjJI jljtf ) Oj/Wlj ^ J^iJl 



1ll«Jli 



i 4_»hA>b0 



ijjb jli| JLit*i|| J ^j ^L3JI >*JI i^y . JJj Xju i^j# ^ JJ* J* 
^u.^ LUipJl ^J* ijJs^ j_J; olj^JuJI Cj» t U>j^ y^i JJdOl jSj , ^UrfL 

lit liS j . 1jjt |^j Jil ij;Ui| olf-jfl. ui^Oi) OJjb*t ^J t-ji*jj j"i ,y** i iM 
i Jjjiill Lu-Jl ts**JI i>L Iajjj>3 w -iij li^ Utf-* S?H->I oUj^Jl J'J ^>U 

. i^LUdl ttea&lj gjpJl dJi &* ^jJa^j ( 0,050 Sv 

^VI^lAdl) luhll oUUw^l 28-14 




I t ^LLj Jl »& ^ t *J5b*il gfljJj jpjjjIjJI i> jjLaJl flui 1 ]!! fUWJ $ ^ 

i t 6^1 J)J & JiU j>3 ^ Jaj ■ j*^l ^^ ^' *M*II JllJ * 

LpSlL J^ jl\ Li* ajJlH jjj jj*iM _jaj 5,iJ7yr bjIj** ti* j** vtiJI li^j 

5j_AJ! ^-i j-i^i Jj^JI i> IjsiS" il* ->jJ( jl* lEjI^s L>i*i> JjUuJ UiUj . fbl 8 
^ LuJl dJb J[ S^iLu ^LAII ji jj^^II 131 jjjl J** p- JJiij i i*5jjJf 

J_l* l-^Uui 3 — i^-H jllll ^jiiJ ^^ ^ lit ^| Jf , IJjjJI ajjJl ^ILj-, -^LJ Ljlk* i*Ui| j^ -±s!> ^-^ l 

LiiLuAJ* jIjJI jU* wjj ji-uj ji> *U3l j-L^ ISi<*I UiJI jiUxOI pj>i-Jj 

j 

ijU^jl I_iL£ J* JjwJJ <^Li* cAl& iU*Jl tW* p-AVy . 131 j^Jl Obi 
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r 






{ LjJJl i\yi\ ) jjjiJIj ^till jjifl 



jJujil JjLi iil . jeUi^ll J,mi] Lji> jfcT QaitiJ 28-11 Jiill ^ 

U-Jaill li* jlluUt , jjJI Jiv»«4 J tliflo ^Jji 67 pyiiiiJUt jjJaJJl JSuiu r**3*' 






K .:'' 






;' 



r ¥ , 



jjiUiJNUunffcjbll 28-15 



iuu. i lja ^i ^ J ijiia ^J^ f^'jj*" j-^ U,UJ| j*^ 1 ^* J***;- Jlil) Jii- jl*- ltfn* 

<JbJi 



, MM M" JijiJI ^.Ij ) 206 ^L^jll J! Jj^jl J-***, ^38 ^Ij^Jl ji 

jj U ij-M J 238 wl^lj l*Zj LfcaJl 206 j«LJI $1 ^ LU Ls ( 28 8 

: js b y^duLLI itjkjJi ojjjvi Ujit < i>J! ,j* t i^ jjj 'jp- JJ jli 



j jj_j]i i La >jt j_jjij ^j_L*S J_ il 



j 


Jfe 






;*i^^*i> 



. 



"n 



tfu+% 



.^.g-ojfia/r^ 



, Ly ij 238 >*jjI i*JJ a>Ii ■_'-■' uf jijiHriJ 
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( L j ill jjipll ) jj>W1j J.ISH >J]l 







+0.1 x 10 s yr jjIjJL. Lk>j 4.6 x W yr ys ^fl j*t ^ tf J* jj*^ 1 tfy 
, liyu j**Jl jjj jl IfJ 4&J1 oULill jjji j^p.i i-^+ jS^ illi* £jl L*i' . iLjii 

Lf4$ tAkLuyj i Oil jj^jilLj fj^lSJI j4*J Lu3j ljy>jj*l«*t tUUJl ^Lj »LWlj 
jjj_j i^Ji ^jitlfl if ub J£i jjJUl li& rUJ *!;; . C 14 jUj£!J *ill jjJ**'' 
jjjJJ* HfJ Juufl j**i . j>J^\ *Lj=lhJ| j> SjjUJI 4juj5]I 1**% j+Ji {#>?)£& 

oW^I J_S jli ; U C ggjjBI £i«S tfi* Vtll ^1 61 ^} ■ 5730 yr 
Lj^ ijj llj , 1.30 * 10- 1 ' jj iL^ Ui jJi" 12 ijfjSll J! 14 ^jSI 

. Oj^viJI om Jjj iiijijl Jtll JUJuil S Jill Jbk> ^jaj jJ *iji>Jl 



28-9 j>+*y Jlii 

^_j i>yi .IjjJl ^^1^4 t 1.3 x 10 1J *>j 14 C ijjj MjJ jjitsM JVjS-iI 
[1,30 x 10 Jli )(-^)(6.02 x 1(F) = 6.52 x lffl» 
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L 



(*j / i]ISljiJI) l yjiJlj^GJl i j 1 *I| 






$•■* 



<um 



(6.52 x 10") 



15730 yr 
- 7.89 x 10* cuunts/yr = 15.0 counts/miu 



UJjII ^i olja: 4 UjIjL 4^(3 li $$ <Lm ll*lj Idjf $ JB j^ji J| IM\ 



AN 



O-fifM 



( tJyiij! lutll J ) JV 15 

? f^Ull iuiJIj ujolll 4i«J| ^iJtlj ^ o!a)I j L ; Jl^ 

IB N fl r ^< 

15 



In 0.267 = -1 .32 = - 



0.693 



BV3W yr 



<JyJ:JI ^ ilfl 1G UjIja- ^1 ^jUUJfj ijjtUdl U*WI <* &M ^U\J\'y 

i ( 28-9 ^yW JL11P ) jUJI ^1 &, g£) 



, a.32)(5730yr) inww 



A*U LfU I 



J 4 ^ jiil jl h,yii. j^j ^jp ^ jj^J] ^L pjjj ji i^Ul j*ll olu, jl 
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( LjJJI ilyjl ) g^uJlj^lDl J*iJl 



- QL> - -oi l\ JjJl J-iuj 4£jb 4jL» i jj£l t^> olj oluC ulkZ l ^i-u ,.Lfl 5 

. «L, 50,000 J] 40,0f)0 & jl J-: jUc! & Ji 8 j*: J ^k^fi il^JL ^hU 

j>attl>iail 28-16 

^JU jjli JjLmII fcy-y*Jl <i* o' ( 1930 >U ) ijjj-i^i Jlitfi u*j .^ Ji! 

jjj fUsuLwIj 1 J^JU»Jl Jijiill 'J* iliAjjU ^J Jiljll j* ^j^ £Ly\ JtaJl ^uuj 

JJj J_i cu\S .-ill jjLLJI (>. j^jjJI jhIIj £jl ^U)| £yill oLu^^u* uLouj 

•uJLJj ^> oUjjJjiilLj J-iii 1 (Jjjtl Lii-L Lit j^ljll **J*k 0^ M - ^Jf*" 

^viuu j-L»Jl JjLjf jlJj . 1+iJj «*jM Iwi U i> j^l Z jjj jo* cjIJ j*Lj 

.Z*1B7 



JtL^Di til pfJ Jj , * $± jaw s 



*Pj-m j_j jj Li A* j*-j ( fU| yi ] 

■..lit L_iii' J— ijH J] uU jll j J Jiifl 

> fW 1^ cAiAtf utf >1 '100 MW 




lilt J^tb U^ji— * 5l*Li; £ji JjttlLj ±^^ JA3 ( 4jj(j>JI olyjjjiill 



j_» 



L^ yjL« i'ilt ( UtfL c^U^jj; V' ^ M Wl j^j > ^j'j* 11 "il^Jj^ ' 

ijl j. Lijj j_^j . kT Ljj LLusJl iL^^ll ijj> i^jj Iajj^j jjJ' 5<>lj>Jl 'JtlaJf L*jlJ 
4j fii L,j^ W| J^J jdl ulUl 0, l>' J»i jjy t 1/40 eV yJ iilUI *U oL» u^l 
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r 



> 



( V,jll t\y}\ ) jjyfcjlj fr& >yi 



j«jUaJ( |j_i ij& t U#1*ajJ Ijufjj s Jflfcll -Sljjj &t^S 5I4U0 { L939 fbs ) 
t HjjjLfJl yLij , JsLiill wiy ^ j* i Z = 50 Jj> jjAi jjJI jjjJl jjuOI olj 
jJJ v <ii> jJ jtSi jl j-iw IJL . Jp LJjJI ^ul^j jl>I ^ i>i^fl>ji c^j i 
jjutf jk J^«s*JL ^ ill jrf^'j ■ (2 = 92) fjiJIjjJl i^ JJ lJ*lj ^j">h 'yl^l 

. j2j-ls jjUi *j,jjUII ^i « t ^^ ^LijifLil 

, L$P iljifl r l ^1 iUjll J iijil! ^b Jit] J, + ( 28-12 J£UI £*lj ) 
j.uuki JJ IJjJJI ^LaIj , 2$3 $ o^p i iJLUi u^L* jl J*li^l J jILLj 
^i frj fijll j^j . JjyjJI jli^VI Ouhiu JU JJm( L* **} *jUm a*> j3l^i 

<ji 'ill I JJjJS hw y& J^dJ |5jril irfljkjJI jj» c& |J (JjJ^ 1 jUaii^ JLi^l 
o_i i^Jlj^JLii L>lj I^Jb JLa J J*!i2l IJfJ IJfcJI o'^bJI oaJjI jU 
ijj>J JjSl Sjl»Jlj , ^ijjJl jiUwJ jfcdall iuJ^Jl jji>ft> D.7% S*i ^ 286 

B+fO VgU* 

: o^Lu^'lll sJA jl>I jjm j^ JWl J^LiiJlj 1 *JULm o5Uii< 

jfj fi >j . UnU[l ^ 5^1 SjJsJl 10 *Ba * ei Kr y\M o-J J^LtiJl ^1^ 
, jju^il JJ J* ol J! '^ jSlfc J! U^jj >*^" ^ t ^i jitU j] >** 
i ^l—i) 1 ! iliiJl >. "db i^jj JLp jjLLi^Vl J^liill p\y ijSJ lifJ i^uj 
,5Ua;[ t JJj jjj «ji jjt U |ji ^ . ^LjtiiU ^ ^j-*. ijLi* ilslMI jliili 

. JislilJI 4jj%0j OU)Jl (In <*i«s oU>S 

jUI 2S-3 J_£iJI Jf LJl^j 13j UIWI S51UI j4-i (4* ^ J 1 ^ 1 ^J 
duj "JLi ^Ul jjjl ^J U Jsl ^ J£l IhS Ul <J JJJI _j* LJLa ^ SQi 
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{ iuj jfl iljJ ) .yji^lj i+l}ll J^uJI 









s 



n + "% ,Jtli3i^((i) 




"■ v ii",^wu^,[^:i 






S >1ft) ! t^Ul ( - 



:i! 



' * i It ' ' 



III 



ilk o- J*i . Vi i (Bfi) ^jUl ji 4gl J^J Mi $i yUi ^ Ji J^ , jjf 
U4J* JSI y^l^J J[ H|i!jjill *fj5 LiiiSI lj] 1 JJ3 ^ «Uy , ^IjjJ! J^ jii 1 
ajuiiil j h<U ajji . LJaJI J Hi5' Jill* ^Lilll ,}!» fin ^ wjj i Z j ,j jas 
lij> UU> iL'jij *U^fl JJj (ji U oLtiii UU** jLlii tV jk jliw 
; *t f-jNjiljjaJJ it—jill j±Xl\ ijtfU j*j , lJ>^ ( j*taM £*JJ fctjjjSj^l 
j^bJL ^bt oUj ^j 200 McV ^ tiJUJI 43Wf J^5 

si »i!i j; b$$w **U! ul^ > 28-12 jiiJi jj ^iu L*ij , ( JJL ^» Sjij d_jL 

J-LUI 3ji^ jjJlS Ijkj %» J*>j ! ^ Jl^ic J£l? jlj**11 J $*& %*" J**! 
_i jjj-^Jl ijLyJl uji-v ^jjL^JI 5ji j^b J»U^ <JI*ll cjut jij , { j ) 28-12 

if- lj U ' j-j)> *JJ J_j-if ijjiLuJl **Jj£ l5^ o[* ^J JL| U^jj . tl_jjJ* *k* U-L» 

J_iiJi yj ^y y» L^ 1 si^U jlkii^l &4*g i jli'ii fi\ Lfiu ■> ll^ 
£h 1*11* ^ jJ* jLfciJJ'Sl UJW ty£j aUj^I J-lfe^j . H) 28-12 

*j iL 5 y^ ^ gtD] JJ k.^ yl tfjjj ia»i) "U ilj3 jltJJi ji d 






i28-12 Jii 



"1/ 



.© 






^jjjj^ |L>li! IJI i ii_j ,>j oUjjlfcul! jKSl ji«j|j iLjlli la^ 4Lli l^>J*w j« 
ji ) , iljlll jUl3 lijrf 1 ^ 1 «Uj^ ij^C jjfJi Ji iffy 4i]i i ^U H)i 
oUjyttill >ji"j . ( 2.47 jj o'Ujj^jijJ! -iLJil k^^ill jjljOI jl Lj^S)^ j** 
3 2 = 8 U^ L* dUl; Jr fclii 1 ^ L ^'" i^j-il ^wl i^J Ja>j mi iJ^aJl 

JfLLJJU SLJ( yj 28-13 JJ^JI Lbjj^i jJI ^UJl »i*j . ^ ■ lij^i 

Ijjj Oj^j- 2 g LuJ jj-^ c J-XaH J^UjJI ^ )jk» g Ojji IJN J-U11 

_J£Ji JJ_*Jl jj..-^j . ai_»lj Luli jjjj Juu ojj 0,01 S o^Ja> J-S' OJ^mmI 

^^iu Jiiu iiA^ j| J^l ll^i' ^xLU jl ^1 J* ;> <»J-jI ^ V U ** J 

ji *^ijjjyi j^ jjj ,jm B J[ oUV^ . jLi^^^iJ L^ ,5>i Uj! ^JLi 

j- cili "^jj Sjj^' LM J^Ij L^ti _j*l-u j! J-iU* jjLfiil Jjsi^- ^w 
jsljuu ^ ^ kbli Ajulty l> j/jj ^Aift j^ a>Ij?j ^ ^^jM'j Fj^jy 



2.1B 



U + Jn-»fU -»?Np+i« 



:2&-13 JSJ 

jj>^ Jtw ^ J lK^^i Jplii!! ji*i 



fNp-^P„ + V 



-noe- 



( 4j jjll oljjJI ) jjjijuJIj jjQJS JidiJi 






J^ ijj_ - ! iUcL ijiii J i*>*J J ia P J1>jlj' o'l^liS bjuj . Pu JsuuJ jj jl^jw 
^ajy J>*^j l#J jjiim 230 Pu ji ^ , v^j^ 1 .J* l*J* 2- S5 J "** J 23 - 5 JI 
™n Sly ^ jlkifll 4L!dli M Pu tl^ Ltfj juj l&j . *L 24,4U0 tj& ^ 

si^lj usU| jlkiJI ijUc !> jtkiil i^U Jfji-yj jl jj^li Jcliil J>Ij j>ii* 

_^ (jWl jj j*i1 aUjptyi j3UJ "5 Li._i>j j*3* <> j^ jl j^ i jlkWU 
. jlkiWU iLlill jjUJ vJb 4*j* ittf dli* ji U£ „ JjiUOll j4 M) LpL, 
J#li> i^ljL*}! ijtf cjl;^^ lit ^j£3 ,>Jj l *p&\ ji Jji b&l djLII oJlS Ijls 



Ltiti 






I ...i I. -i i it 



^ib>r (> L>g^ $ iiy jj& ji ^ oUjjSjjuJI ijjs jli i iJi ^1* jjto 



,\'i Lrfjfi jJ^I jilkjl lilil^wUli , objjjiyjl !A» ifj* J* J*W 



^"Uil 



jjf\> |j_l j#£ *J^- ujSjj i k,jJi*nll lifJl . <UjjJl l^j Ljj jJ *jll I j^J IjlkAjl ii>J 

^Uj JuJJl *|_tul .J »^*j-u 5LL> ijL ^* OjLtf j*j t tSJ+ll l>« iij>^l J-tLii' 
L jli IU t 1 u ^ jjjJjiJl U3S ji Ou>j . jlkWii U*fi J5l* i*e^ .J>M 

sjUIj . iblil jjJU tjjjfa LfJ oUj-** >u IfjjLsI ja j£*» It (>*>i U^jr* J*><ti 



:28 14 J" 

^ jlkU j„yj >litl ,J$& pu 



. 









.«jaJi 






JjLj 






J 



J^L±<1' 






L 
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T 



<^Jfyill)jj^JljL*l5)l>tf 



ijjjjjt ofetill 28-17 



. ^jyi j*y ^>j Cj 28-u jiui «-jj^ . ^^1 jjyi ^ oi^ 
^j ^jjiJi j^yij . jjiyi o^* V* ^s f&k ^**j u^ 1 i> ^j 

ojill l^Si jjLjj .je du> . UO* p "sjp^ll ot$jJl ji Ssjl*^ 1 iil*liH 
4jLu. ^ 4,U Jl> 3% ^ J! IwUl j» 4Jj*>ll 0.7% ^ 235 U jiM 
*jj ^ jLLuyj IXIiii JLuty ,> J^' Jit j*»}5l *■+■ 'j^*» l^j ■ **,$ 

s^ii - tJ ij^ji ui . yis oijk^i jj Wr ^ fcttfii &* - jug - ^ 



t 




■r> i 



m v 




. ^ ^ ^ ... ^Life- ^ ■ , '. *< . ; — »■'■* 
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L 



( 'Ujjjl Vy}\ ) jjjAaJIj ijjliU JtoiJI 



, Up JSjE o^UL&ll jli !+J ^j* jjiii Jl jUalll oliJ 

OjJ_>J Ljyu jjjj ^1 Jlj'jIJ I tji-jJl j^JLu jjl Jt -jij.' jLiiii Oili Ijlj 

. *tij.\ ^k^l iliiJl u^Ij jlki^l Llki jkS'ijjj ^u* i lj-iiijj I44 cjljiii 

jl 4jjJu* Jdcj , ^UJ^I !>UuJI &* s .\w u$ ^lj*Jl »jJ*U J^ 1 *jM 

^ 4$$|j S^jiSl ft, 93% ^j U*Jl L*dl ${i Jj4l jL,- ^i Jl* Ji« fe> 

±*ji 'i o\ ^ , J*Lill vds Jl p_£*dl jLcS Jl>jb i^jj jjill ^ LJ^I 

J*- 1 ^ J^ 1 1** ■ J^ ^ ^^ J« L^o^a i > 

jjJj if LuluuJla Sjljj-Jl ob*j.iJ ijljia pUjj' J ijiin'llj JiJJl jLdi U^dJ>o 
Jilj ajuiii pJu lJUI Jj^juJ }LaJu* lIU-J jlj i jJjLJI IJJ* kJJu»^J • J*^ L&* 
^h» 'iLum J*— ' iiiAllI iSiLrfll Jl J CO J* Jl ti}LliJJj . i^jljLU Lu^J J*lill 

. ^Ul j^bUil Jyty ^ ^ J^ttaH u^i *^* 

, -J i—LLjjJli U (jj Kb ijLajJL ^jyiyJI Ouj yujjl >?-v jl^jj IJv ^ijju^iJI 

i Jjiliil Jjiil) L*j1aJ| -JijiJl j_j li* ajjjjjjJJl t£\yy , SJ^i olUlil lijo* 
dta jl5 ULb L^llj] ft j! jjjjJl ilAJi ji oljjjtiJl ,> jU^I uIja Jku 

. uOLoj EjLdJ ^jSjj lyjljtjjii . iil^-Ljl jUdjJI til J^wu j'jy jl Uik>* 
.jlJJ^I jUi^ll jjbyjl olj jlklj^'l Llki Ul ( LjjLwjS' iiii 0^ fJiH^^'j 

. j5L£)'l iiiau iiijl Ji-L Lj^i> iiu i^ffjll L 'iLr J : -+JJ-f '-+" ^uai^viJl wjj 

. oj^jt lifjj _ ju^ L»j5 TvflJl 1)5 _ 3jj5S jJjL*^ ljy*j J-uLisudl hit] jl ^ 

■ 

L*JLj rijy ji> *ljj*l c^UW i>l>j ^^J ywJyJJ' jji f-^n'jM^ ^^-*j 
,^_* i^Lwi' jj^yyUl J^i V^! ^* ^ ^ - ^1^' ^-"^ ^ JUij^ 

frjl^j j^i ti_JtJtLU ^—> jr >Jl JjfJl jj JujjiJl ail J rjlLi . JuUl JjJjJ' jLai 

rt«u *)»y£H **Li ^iiij jLiil jli JJiij , S^jWI f^yi ^^*^ J**^ 
. LJLJI l^^Mtl e^JWiU <> i^^SJI «LLJJ ^JJf r^l 'Ijj ^>J lEbi 

J_>b UyvLlI jltll jw^ JJjj i liyJ^ J^L*+j IcLallj ol j i. ii.J I ^ LJL> 
Cm " Bji Ji5 i^f I ^J oL^Sl cVU* Ajfly! ( Jj J iiLs^Lj , JjLill mJ3 
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{^i^)^>JI^^J-*iil 



/ 






:28-GjLi* 



ji ■jty^i 4^ p i^i^i ij^ ili J,^*l ^j^ tijli^l J^Lu ^ 
oUi ^i J*LiH W^ jjdfl 2 ^U "dii' ^ L.j J J^l |j* *$Mi 

f 1000 MW gKi jS) jlki:^l £h L^l > ^ ^i »jlj*JI jIj*. U : J|j* 
wJU 1000 MW -tiij $ "jJ « 1$ jjU J-j*dl 5pU$ g] 4*^ ; M*? 1 

1 jlkUl <iU* Ji" ^ itllill ulW jIjaj U : JIj-j 

. k.jll( J 2W MeV j*l : ItWf 

T u&uil 23S U *jj%Sl *J^j jU*W* ^^ j j* ^ tf^UJI ^ U : JIJ* 

. Slji 6.02 x 1<J» J* ^U &* 235 g Ji' jjiw : M*?' 

; W?M JI 3000 MW Jj*; ^ iliiW^j J*Ji 

3O 00x10 !5 J/b 
1.6 xlIT 11 J /MeV 

= l,88xlO^MeV/s 



3000 MW ■ 



|i oUUJi ittl jji $ 200 McV ^ jktt Mtf J£ »>UU oUJI oW Ity 

JJ8 x W 22 McV/s t j. 4 x 10W flfiBioWs 

200 MeV/ fission 

m]£ /"-i,5S ? (Hr'mol/B 

6.02xl0 2d 

(1.56 x 10 * mol/sK3.1G X 10'' s/yr) = 49$ mol/yr 

; Jjtf .U U J*lill JJi" vJJwj JJJ ,Ji) 

(4930 moVyr)(0.23G kg/moD - 1-16 x IF kg/yr 
-1110- 



( <bjJJI i\y}\) jjji*J^ JjLl'I Jifiiil 



. 4jW J£ ■_ua>ll UOj 



jjjill^Ujrtt 28-18 



k 



iilU) *J .j^Utf giiiUJl JjJl jjJI Ij JjJJl jl Lio*^ 2R-3 Jiill Jl lli*j Ij] 

jjjl J_}iH J £illjjil i^l lift -Lajij «jiJlj*i!l jjJ Lt jJ> j*^l <LjJ J^ Jouj 

tSj-UI jj jJI iUj ^jJ Ui jiS\ L^ Jil iM LJ jj£v. ,^i*i* Jjill iJ^fi 
* >*S"I J*j Of*Swl '*» *j** iJ*j f-i J*** »,;^i" '"' LJ iil jJ^sl lijJJl WJtf ijJJI 
^j_lJI p— a 0A Jill J^Uil ,> pjJI Ij*j . 4JUj Jl iJjiJl J^j * iUJ JSUjj 

CiLSUJI jV*^ j^Jj ■ ^Jj^' T^J^ ^^! ^ i 4 ^ ^ lM^J ™ j^^jaJI 

1 

r 

, Hi£i| ^ jJiJi iii ^ji Lb ; tJLuJI [jtfi ji ialklll ulkJI jlji* J^l ^S3j 

1% t 4:x 1.QQ7276 = 4,029104 u ^1 &tyjjh t L»UJI ^ LLsJI *M y] 
. 4,l)U2t>04 -2 m, = 4.001506 u ( 4 *j4^Jl dI^ Lslktl y LM+^I iisSII 
: ^ iL£JI ol+J EMI iiUaJlj i 3.0276 11 j* Mil ji jttli J 0^ Lii; 
(0MSuK9SlMeV/u)s2fiJMeV 

1 kg 6-dj^ j» ^y^' y wi tyS ^% <tP A '^ 4 ^ f^ 1 (> i te c^j 

iiltJi - if 6 k I Q25X25.7 MeV.l - 3.8G x HP- eV - 6.2 it iO 1 " -T 
4 

h^\ IJ53I ^£iJ ISiUll ullJL 4 oWl y* jlJiil Ij* Ijiii ^yJ uill ;>i 
^L,^^L ^ILJ ^jJI ULLJI J u^i ; E . m:2 = 9 x 10 ie J : will ^ 1 k^ ^ 
y 5jUI 0-* °7% j_?0 ^ JjiJ'l LiJiw d)ilj ( JM lift t> 0.7% ^ cwJ 
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i 



( Sjjil! Sf^Ji ) ^jji*Jlj ;>#1jJI JjtJI 



^ 1 kg jLLi^ JiLu wL\j . Oi*j^ Li i+^ 1 r^ 111 l/ **^ JJ ^^ ^' 
J| US1I fti 0.1 ( £ Jy*j ill. U j*j fl x 10 u J UjIjL «Uj T^y tfl ^ S55 U 

oLUi i_. 1Q" 7 ^j— jJLo ^ LmLm£![ iiS*Lall J kJl Cf^-^^J J >¥ 
, jMlj gM* o^Ulv L^ jA\ . f Ij* J£ - 

J.&J *J % ykj OfC'ui ( 431LU '^UUj yli* jJ-m- ijul> *g»£i. gUjrtlj 

^S ij_jj; jj-*^j jfi jj-s^Ji Ltl . iL* ijbj jjLj j-^£ 4JSL| ijin iLjliJ 

iiilk'i oL*£ ** Ulill o^liVjH sja li^jj li(j , . *U1 ciliji ,> ^-jjj^l 

. L^ iiLWJ v^i "* IjJ* M 01 ^ f j ^ y^ 1 k&i ^ ^M 

L^i&ll «j)jS iji rJwy iil— "II *i* Jl* *i*j ■ 5 x 10 1E m _^ ^j ij-Aiil 

-&. .zjtijjjjil UjUiil uj^j jlJI lijjJI 4JU*I ijjli* ,j*j t 1 MhV iJj >j 

r jJj jJ jj}l ijt^JI ^Ujj ujJ b Jj*3 ji Jj 1 ^-; . ^^ > r| 3 WI ,> 



^^j^uJl ^L-tiJlll JtL_L (jl^S Jj>j 
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<, 



■ 



{ 4-rj.jJI EljjJI ) jjjinJlj yJtll 1 ! J^JiJI 



1.6 x ID - " J jl 1 MeV jl^iL tilUl sit byL Ijli , |*T ^ 7 &jp i^j 

%.36xl(r 2 'J/K)r=l,(>xl(r ls J 
2 

r = 7.Sxl09K i^j 

JiLisN Ijj '*■■ ■"• _3 ijj inH j-Ji Ij_%- La*3jll :jlj_sJI wjL>jJ oiat jl 
iiJ_a ^ JLjJI L^ylsj - 4Jj^4 fJ-^il oSltj r JjljjJI Jj^ jlj^b 

jje l^_*li[ mi T L»i^l Oil? i> ^U>*e jjjli* jli i i>&> I5f)x I0 3 kg/m 3 

w^h ^wllf 6-c *-rf "»LMI *jj8llj ■ Ojlj^ 1 «^l ^ ^ Wl il3QJU 
^tt^ 655 j*J g& $ I i* JJ^j 4 x 10 28 watt ^ (|||W ^Uulll 

^LhJIJb^L 

\ 



tJ 3]il|jL^JIfbJ ^ 



38-15 JM 

; Ul '*- JUj t jij li+i . j 1 j jh l J * l l 
L-Li Je iiU Jijj ( Li JSL ) Uijj 



^bJIJlstJi ' 




jjjjj'jjiji^ 



l>«jDIJbwJI 



Jbw iij>^ jL*J 



1 



i-*-jjj U> --jwu ijlil tfi ^j i*f 5i^> ^ W *lji*f I oVjLx, j^j 

t 5_,^ : : ...li-.:. o^ <iwl^ iJj^^iJll oUj-^II jji> yi^j . bj5b ^ 
^L> Jj iiJp U cit*y ifilfJIijAJllj Suttfil *jlj»Jl ^ J ^^ ik 
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o- 1 



r 



( 4-jJJl iiplt ) jjjiJij y-LDl >1M 



-J ijj>JI !>j jjJuJI j^jS SjyLtf *3 U J jj *Jj . »ly>lH >J^j Jill jljitiL ji tit 
cfllLjm ,jj l^lfci*lj Sj^i iij-u UpUl jl**-^ il|-*j D* - 0^' t> -V>H 
jjjL j' ...4* 1+** '^■'it-'" L - ' J iij*J ^ t> t^ ^ j' ^***^ **^J* 'j^ ^W 5 ^** 

"Jjijjjl 'i^ j| Jpji Jj^i j>j 1 s (tt Afi>H\ iujl vjJ^J ' ^-15 J^l 

JLli'uJI ^> jjL-j /u ( L'Lb ,> 
j-. JJl 3jIj_> oU-jj jj* yUy u^>UjmI -jic'ij J^ WU O^* 1 ^ 1 Ay 
( 2 H - J H) iijahjJ . tj^^jjJl Jc ! ili . ijJjijj - LiJjjJl J*& Ia-h* iJ>i jiJl 
( S H - '% -j^j . p^j*ill >& U i 4 x 10' K J| tiai * gib* l/^ 1 

*Jj |jj*— jJl j J> JJ JJ-C 4jj*i Lifi LJl> ij . 10 e K i* iXJ^J ^Uj^il 

ij^J* j-jJIj *Ji>!l ^LiJJ' jiilj . il« i> 4^ ^jlj* ^jL*jJ Ji Jj^yi Jn»*jLf 
^ M ^-ju^I j^ffiU ^WJ JlUl-ll flJ JI I*j1%j ij*Jll o^l ^ 

. CU 50 J! 25 j* fry* J Ljis, 



jJLuJ! J\j&\ 



; it fjjlj £y$J ,ji u*j J-aill lift i^j-1 jj $ll 

i 4_ d A sH JaJ< djJ^I ( j) ( Jsffl ( j ) i Mil Jtf; jjJJl j>JI (-*) i irjJJf Jj^I !i>j (y) t y^jjl ( I ) i4j*J jl 1 
jmi* ( J } * J"5U*^I alS (J. j * L^bUII ( ^ ) . j*l*A)'l iLiili JiU^I ( j > . iy^ J^JI iJLL ( j ) 
t Lju> islill ^ j> ^J l - ( j ) ( itf^JI ( * ) t yjJl L^J ( J ) ^ /J liu J^j^-ilj « liJl J>^*jl ( il ) i JLaUl 
. ^jijJJI iUirfl ( J J. i jj^Ul jLLU^I (^) ( AfaJi) l jlj^Jlj , lSj^'J ' J^^ 1 ^'J-*J ( u< ) 
. jUilll Ljki ( ..'ci ) f ^J+^l {J} '■ >S>J}1 iUniJ ( j ) \ JjJjJf jU^s ( k» ) * iM-'" 1 J* ! ^' ( tf* ) 

, jjjjjl V-J ( ^ ) i JJ>*JI j^UJ ( i ) 
, LfJ Mil jji iji/ IJ| j 51 u f*> jJiJ j' 2 

, A ik£JI Ji*j Ljj Ji] iujJI <JLb i^ ij^jjl UjLu MjJ i^I 3 

. L^iM isirf li| alyJl lyj 33U» ^ ji 4 

jj L. SjQ J5b*s^l iuU jl J^JJI j*# ^uk lilj ^l*il iUJ oli bU V^^ ' j jV ^ WW' ^ f-y J & 

. <iu« Liij 5jii i*j JLJ ^jJI v^"^' *^' j^ ' t '"* *' 1 0' ' *^^ 

ii>JJI JJ5' ljJ* IJjj , j? ii5bw*lj B J^Ls^ji L^J iiJM U^ »ljJ i^JL. ^p JiliiJi UjI** uufiJ J 6 

{fit "<WI oUi^Jlj Lilj^l BljiJI ^Ufk lij iLiJ 28-8 JiiJI ^ jjjl J* ty* U-*j. Jtf" &l 7 

. ajLU l^Jljlil i* C : JJ i ft cLeUi^ ijiuUJl j'j^Ij lS^I to LIJ^ ii' 8 

Oij ^1 ^1^ if.JLL&ii >UJi £,1 J v^Jl . ^jjUI ^11 3Uw u-Wl jll^l rj Ji J| ^fjlli . ^ ji 9 
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( <UjjJI il^jJI ) jjjaIjJIj jdLJJi J^til! 



. jjijjl »ijjj <4*»i mjis jf . Lfu J£ 

r jJ^ »j_yyiJLJI jLbuut i a. Jl'j, j^-j JjS rt-^Jj l aj_wlj«J! jj tuJiiysW ii^> ^i aJ^w .jJJJI JWtiJl JjLii pjiS jl 11 

. j.ljjJl tin ijtk> *fi3 jl ii>jJ' 

JL»i»U 4ji*i! iiijiJi yjuju j^ii gi , jik^^j ijjl*i j*«i ji Jujifli i^ Sy« * 7 u- pj rfj . 3it aaUsl 



J,d>Jtf 



"Lyy jj| iIajI ui JiLiu oLa3 



1.660566 x HT" kg - 13 C ^1 &^ M & ^ * 1 tt 



J_ 

12 



1 curie (Ci) = 3,7 x ]0 !0 R<| t 1 bcquercl (Bq) = 1 decay/s 

1 raJ = 0.010 Gy : 1 gray {Gy) = U/kg 

1 rem a 0.010 Sv , ^1 pUi^l gil 4*4)1 4^1 4*i*tfJl ^ RBE iu> , 1 sievert (Rv) - 1 Gy x REE 

; (UuiLl ^jLjwj OUjjiU 

( iliSJI jj* ) oL^JI jit - iV + Z = A i otijj^jlll j±p = A' . ( lSjJJI JJ*JI ) ^kjijjJI jji = Z 

: V^i 

, jSUwill j^i-ll ^ jl Z lSjjJI jjuOI y* *i isill JjUI J* ^ I 
, ^U^i j*4i /J* > ( *it*u A *J £ij ) fo&M A' *Jj £ j-L *J l5jJI 4u)\ jw 2 

jjLyi jjaj i^iii l_ji jj v^ 1 hP 1 ^ 1 w^'j ■ iJJ ^ /^ > w> y* ^y^ 1 j* "*W ^ ,L * JI 4 

. fi M [12 x 10-'^ m) A m ; vi^L, ^ /I l^Jsf jj* BIjJ jJ*s 
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■ 



( iijjjl SijiJl ) uj^Wlj ^IjJI J*m)I 



. l^yj <MJI oGS uKrtiiJ lS^JI jua^J jti «j j^4j t A ju .^5«iuJi ^° , >- r l uuLl ■)! A J* R jU;I ^"^ . 

tfj^l-lwjllillfrjyi 

. ft x 10 '•' m *jj j* liAjjIII ,w laLJ! cjjIj Ij( ijLs -iajj t LUI1 ^ ja* L^J 1 
. uZjIjjjjjJI x^j11»4 ^ lju» Jail jjljjj j JU dljj 4j1ju4 4 Ud olnJ^tJli liLoj yl LhyjU ^-Ij J o ,jli) Jtt Lttil Lj !i 

. yj&! JwjJI 4Jll? (jli i Am jJjSJI ujaiJJ! y Uiiv JUiJI 4lsSj iViill olyiil 4JSJI 
kjl iilL = Awe* 

. jUl> in^i» i ( o'jjaiJi ) /J oLku>i ( He ju ) fj oLu-i> i lJJLIi 

(Ti/a) J^JkjJl j*b 

(A) Jlb*rfl Oull 
. JVff) * jfiw^ : ^Itill iiLUJl UjUILj ^Lw , ^eU^I JM**^ J*4 l**j iit* 

j _ 0.693 

; t'lJU tLjjjiJl ijjjjl^ ?uj^ £f jyl) i^ljijiiil db ^Li ; l^fi'j^ (> j«j Jf 1*1 ^i l5^jJI J>Jj Ltjif 

, ALU Jtliil i«jj Ji oLj^>J[ *^ jl# iiill il*^J( JfiJ $ v^ 1 

. lLi3 Jftlall J^j JJ oLryU Jill j-iaJI jfef o' V^i 2 

■ #>UL ciiisl ji ojdUl jJJI iillsJl ILj^t J*l*jJI ^ JJ 3-KJI J^JI ^ jjill j*i. y 4ilbJf .IL ^t*.^ a 

iilklilji 1-1*11 ulUl =Am^ 
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> 



(^jJJlsl^Ouj^CrtiiJI^ 1 



^ 1% ^*i Jjj^u. . ULUI > jj5 j^| £> W^j i»lj f** UfJ fri-ySj 0^ J| U**J! »J* j* V >^ 
r^b \Uj p\ jl ^tjil jJL, jlklill ijj> J^j . ^PU j $U jilfcill ^ iJ ^j ■ tflVjift W» 

,t UAi Vl Jiu J^ U* ( JJ-i JiliJ' ^^ JJlj ■ »J*l*.jlkSil tidjU tjJ "yLaJl *&j^l «*^ JjIai 

' i ■ ' 

jLJI &*j , UM pM iUi 4»*w*y i J^i Jy i^yl [^ JywJl J^l ^ jl ^ il*. Jjjli ca*; ^ 
, i^M ui ji Sib J] U^i Ml > foS 8% f^ J^ I* 5jUj . ^ i*U< ^ 



, ft.7 MeV pi igtfl JvJI «U» u' **k IJlSn Z ^ ^ 3I iMJI J* 4 
1,0078 u 'H u^Jj+J Lyill U3fl1 ^JpLJyj 3-016 u j ^1 dtf» i^-jyJ^J a H jJfcJl j* p^H G 

U& Ui tsiJI £ H j^lU i^JL Jlj_JI jjS f fjJyill jtjiL^ <f*JJtj w_^ ^oJ1 U . 1.00867 u 6j^j 

,2,014111*^1 

ijjJu, ijS ojui aJj . 9 MeV >>: UJlilb ^J ^1 Ul at** J^tl* Jij ^ j-i* J! ^ }B J^A: 6 
jju j-JI dJj uLi lij }M JL^OJI ^ iij*. Lh dJii jJJi Lo^Jl o-« . j^J J> & JM j^ 1 C>* 

. u* yuuo ( V ) hU L*^ ( I ) 

Ui ( l^W Jfi\ ch JjEII >Ij J[ yj^ ^1 ol ^->j ■ 'M 'J^ 1 ^¥' &* t^ 1 ^ J U ^ s 

! ijjkiJl OjJljJ' ^lij^ J! ^iJJ 11 J (l i ,,J, j* 

^ >^! ^ iiLil 6. ^J Ul i^afl ^tt£4f . y^l Ch ^2 ^1 "Lill ui jt*JI *L>i ffc« j^i 11 

¥ jijJI Ioa ji-: m'^'j J^ , l+J oijjiJl *LJI L^i*^ t^ 1 
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( irijjji sijjj^ } uj^^ij l^i j***" 



jlj-ei i_u— u ^ ii ^Jl (j^i'j l*il ^jm BjJIj OSj^J j^jjmJI jli i ill J «j , UmL* jTjT til ,> dJi Jw Jlu 

. oliJI rj*S ( . jiL> Jijj JiiLdll i> |>^b*! i> ^»*iw If ijjii '-jJiJj sa-c*J Lij^ju 



JjU* 



2B-3 j| 28-1 & *L$(1 

. if^illf : ^J^ J-=j (_^) l ciljjyiw^l ji£ (u.'} . iliujjJl «* ( f ) : ''';!,|| Hg iiljJJ ULJl ^[pJi i>ji 2 

. ^1 oBSJI ( j } 

jj£Jl iA j Jl> , oliytjjJl JAf If ''dill it\\ OlJljJJ^J Jj£j i 4y JjljdU <Jk£ JJi yi** ^j^jJiuJ 3 

? j* jjil jb . IB 4J lijiJi *JUSJl ja*j oUj^jjj 10 jjw jiW 4 

^ D Kn e JjNb , J Li : ijftl ol^ytl & JSJ vjjiH alifitifj Ig^ljltffo JL-ii j* ^ 6 
cu^£l yijty f,\ o4*J jl , i&O kg/m s Lfiltf JwjSy ( 6.1 x 10 5 m Ujti J-J . ll-jfi SjS ^1 j^u 7 ■ 

i iioit Ujii J^ j^* |k£j « (*2 x 10" kg/m J ) ai J( *iLtf ^ L*J ijS ijUs 
oltf LJ d^ jJ o^Li iMJI ij* y i LttjA IJlj , 1051 kg tyfl £. If I ^ ubil ojSfl xiif jijS (J *f 8 ■ 
. 7 x 10 H m ^1 J£ J*; « li* Oj^ T iijSil ilb >i J-J 0^ ^ . ( E 2 x 10W kg/m H ) SljJI 

S j-itLgill JL»J( IjJ, Oj-^ Ui^ ^ ,LiJI l5 jL >I 12 C o^i Wh JjJ ( jUI jtJ J^O i>j! . 2.9 x Iff 1 m/s 

. 0.0SU T JLkJl ^.b 
« Jj 'dull ^ jjl^Ji U^JI J^lu ji 14 C j 1! C 6ojW iijU >i ^ u# 3/Jl j* l« ^ 
jj Lji_p ^ u l ilijj^J J^^juJ 1700 V sjijL j^ jjj ( _^ fc*lill J^l ) ji« tbi JU« ji »jWUj U 
L . JM" 1 j-* 12 -° cm *J£ ^^ QU» udbJl <ijL>t oU^f j> <Uj* «$ , 0.070 7 til ifMu* Jb- 

, 6dj4^J j^ij^l 6dJ^ 1 LfcH V*^ -My' ■ V^ 1 ^ : 14.0 cm j 12.0 cm Ld ol^lll Uf^u 
^ ^411 S^> 6j-ij |J . Mj; JIJm y 10.0 cm Oi'Ul jji>i 12 C ^1 ui jUf jUl jlaJ ^ ft 13 ■ 

. ( 4^Ub JimSJI JJ^j frij$ j^i i! uyijSil } p lfi ji^'^'l 
^UOl j^j 75.^% _^J J} CI ^KUI i>l tyX . i«J yjjjSJ > W^JI ^ Jj^ll j^l r^ ^ 14 

. Ljki »1SJ 35$ jl ^1 (> ^ ii«l ij^tl ii^J^ ^jl . UM }* J ^ 
^iUJI Li i 93.3% V-^ 1 MAj 8BJ64tj ^jj VsS '£ Uw»i : u<^ ^-^ j^* fj*-^»H -^^ 15 
. fj-l; Jt i> ij^ ^ HjiJi ilsfll uu*i . 8.7® Ji*j 40.975 u ^jjjt <^di 
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( 4jjjJI iljjl) ) jjjiuJIj ^lill J«aiJI 



tiji "% j^sittj t 8G.p% kt*$\ tfjij 2(1 Ne jJidli , L^ iUiJ Ji* Js LUJi ^ i>u gpll ji a»j j£J t6 
^WJ ^ ;J .Ji Jj^i ^ lpjjj L* ^0 ijjiJi MljjS . 8.8% ^1 Ojiji %e jJ^Jl U 0.3% i^Ji 

235.044 u U^J $qM jLMI >1uj . Ma U j & \J U ca-Li fcyjii ^ ^1 J* jj*jl( rifl^l gjtifc J 7 i 
J_£l Lijjjisll i^yill k^Jl j_»jI , 238,030 u ^ ^Ul i^Ji US J &> J : +&& Js 236,051 u j 

, 1 IJJ I j LiJ I £j& iLkJLLJUJ 4_]_lC , J yiRj 

U&ll ^ U , 38,832 u 4#-JI OjJjj 12,00000 u 4^iJl <M i U 'C U jL^Ul uUJ* jrf *Mp 18 ■ 

• 12.61116 U j» ^-^LJi o^l ^ <£ug tt| ji^fl ^Ml LjjJi 

28-4^1 

oUw^jjj i^j 64 iijll 5ljJ j_y£ *jfl LSlSJl j* JL U jl4A* jjalj 28-3 J£ill Jl i*ysjl< obLJL £*iwl 19 

? iJt£]l jiiJ ^yill luoJi jJtl ! E^ iljjjjjiij 

i* U , 5 •* oU( Jtut ouu^jj J I 202 Jjj"JI JliJ JjjjJ ljJJsu! 4jLUI jIj3u 2R-3 JjxiJI ^LlLu jj l .m , * ! 20 

v 4JLLJI si^J ( u oli>jj ) Jsfll jiliJl 

j* 12 ij^SJI ijj ilrf ji j&3 : m*Lj I ky J^ ^ ^ jbLs '.* ; 12 ^^J] »ijjj L£li Ljli ull> ym*! 21 

[lid 12 u 

. 3&962S9 u j* "dIjM uJ+J tyjJl itiSilj . ^Ca ii^JJ Ly J£J LjJl ulbj tJSIl kj)l "dlL l.^1 22 

k^ji Ult +**\ . obUl »jj» La*l* . 15,00011 ii s I;, N Slpj l 14.00307 u ^ L4 N iljjj o^l il^JI 23 

UUj jJ jjj. 1 ! LpU**! uljLjjj^l jI,jj^ Lfcfjli i j^joJ! U+iJ^ tiiUi.1 « iMli jj£ ^ Chij^ C*^ ^! ^ 

? Siljll 0U JM *^ L^iJI jJiJ! *fl Uj f U C j^JuJl i\y iy, (gfjf *J(J)| ^1 ^iJl jl^L, L, 2fi I 

2B-e j 28-5 uUwjJl 

, 5jlil *ifJ JuaJ jLtf' i*jji (U*jI jwj Ij- U , .^ 1& iSi , jaJJi ^ ijfi fi78 <»A» ^ jji cjjI* ^W ^1^ (j^" 27 
ja* 5_ft L . iLiJl J SiP 44 oiL^j 48 h jjjj ojuj | La ik>J ^i UjljJf rJ i 5 Jut S40 ta&i iirf- tid>™ 28 

*S (v) v wUi aii j^u+ii i&jB jt U ( I ) . 0.84 yr LJ J^OJl j** : 5ijj 45 ^ 1Q 12 ^ **i^ djL» j*jjJ 2S 

f IJL^'I ^iJi ( ■ ) jd JJ >4^J ^ pjjjjljJl 6* ^ i^ ^ . 140 d ^jt^]l J-w J** 30 
^1 oUiill jjj U . 3 8 d jjjI JJ J^JI j^j . a-jj 8.0 x 10 12 jJ* jjjljjl jLi ^ s^ iJ^-4 Jj^" '^ 

JLL Js^ iij Luii SjL u u^ ^\ J^ f y I ^ ^ ^Jij ' f^ 1 ^ L^-l5jT jjfc obUI ^ 32 
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{ iLrjjJI iljill ) ^JjA-Jij ^ftl Jrtfl 



4*ii Jjfc^ j| j/Jl J L^Oii I-jJ , SLijJI ^ to 1&4 Ui* Bjit* <> iL^ <*io jjj iui* j^Lj- jlu J^ 33 

? [j3^J| Litis j* Li l Jiii J>juflil jyJl jit J^; (jj 
jj Ujs jJ oJiL -j jJl ^_jiil Ljlll 3^jJ| ^ U . 12.33 yr ^ju^ *i* jjai ^ ^ jAjll J**ll j*fi 34 

f bill aii Ju^ j*c _j* U . 3 h jjjt jaj Ja*J 0,25 lag aj*+J jS 4jL ki* jjL fci 2 nig fct La-jJ 35 ■ 

f 156 yr uLJI Ju± j* tf& !jj 90 yr J Ja*a ^jJI i*iil i jl|l ^-5 ^ U 3fi ■ 

? 3 jQI aii lm: jtt _p U . 24.0 h ^ jju yji, ^jj| y Uie jjL i* iii 14% &I oLLiJl c^i 37 ■ 

j^ jt, U . LfM jaUoJI ,& Sj^ki iJiii JlJj yd ^ifl ctfjlll £i *$ t ( 8.8 x 10* a jl 28 yr ^ ) ft* 



28-9 Jl 2S-7 fr f LiVl 
: LJtll kill i'ftL^illl ^ X > X L*J >ji jltl uS_jiJl j* U 40 

: A" jj^Ji jy±iMj illjj IJLJI jh<£f\ ^%^>H\ ilfjU* J*s1 41 
X-+- »jce +-Jife < Sf. , Ih->Slh.. + Jr i "Jp* -+*+-!« 

V 0.80 MeV di\k y gbij 5,3 MeV ^lb a ^ ^ Jjj ^ Po jjjgjl JWy d ^ ^ j JJl j^! ^ U 42 

. j3 f^-* j»^| _ji jlL j'il\ f e a Rn jJUJ u-JJL j ij . /J ^ 3%l ™ Pb J***; Uj^ -ilifl ^bll JJi* 43 

! 6,62 MeV *31L « ^-.^ iL^L '^'Bi J**a, LjI* JUIJ ^ p L 44 

! <,M aJuj J yjj^l <JtdJl l^ ji& ^sll S^il-1 4^1 ^ 1* . 0.54 MeV dUb-ffkk'^Sft.*^ 45 

V 1.11 MeV iJijUj Ut* ?t*i jIIsj UjJj: fjlh jJmU ^jjitl iJjiJl J ^a-JJI j*u)I y> U 46 

4.T7rt ^ JiU^Vl li» ji j^ Ji\ ylkJl; !a^f„ j jJI ™ U J)Uwl ;>. *w jill ^1 _^ U 47 ■ 

, ijJ J 1 sjjj^I ^Jbi bM>' , MeV 

; 4JjL*J I1J* 4.5 x 10 9 yr sjIja* ^i-sj jjjw a »*^ $%[> 23? w^l J*+^j 4S ■ 
^j-s.^ L^iL jUi Ui i a ^ Sj> IjIL L^J5 3jLUI c*fc—i Gls ™U -» ^Th I J He + 4jU» 
^j >LisJI Jl ^jiiil jjlfclll J3^ j} j^*f * ^^i I J* jJi il& . 4.iy MeV ^ LUtll l^ilt ^ T MeV 
, Af(*He) u 4.00260 u } M( 2 ^Th) =234.04358 « s *f( a gU) -238.05077 u 
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( JijjJJI oljjJI ) jjjijJIj ,ytill JtftfJi 



k 



>LHJHlj t ^^^>.O^I^niu> |H I l 5 3 C ^JN+ Jn : jttll j*UaU ^^&1« 
: M(|H) = 1 ,007ft2R u : Jl$ JpUUI ^ Jjlill ^ lfl\ JiSlI >tol ? 2,2 MeV 4tf>» «U» s $y *Uj 

, Jtf(Jn) = l.Mfififfiu t M{ J Be) -7.01093 11 1 M[}U) = 7,01600 u 

* 1.6 MeV JsiUl jy^\ fc> Hit aL ^ £ 1 tt~ LM *#*UaII J* : 31UI oljl^l J| AtSU 52 ■ 
M(]H) = 1.007825 u ; JlsJtf J^Lull ^ iljlill ^ M [ J^ f J^ l J l 11 + I fi ~» I 1 ^ + S' B 
,-|r(5ifc} = 7J01fifeu t Jf(|Li) - 7.01600 u : Jrf(>)- 1.008445 » 

: JLlSLS >liJl ^s djiii! ijfjSlI LjjJI Jsfll c^tfj [He + JjAl -» ffe + Ja ; JUJ1 J*Wl iW &1 -» 53 * 
Mjgp) = 29.97831 u t MJ^Al) = 26.98154 u ■ tf(l»}- 1008666 « 1 Af(^He) = 4.002e0u 

f 2.0 MeV y * He ii> oil, (fa tin {fa Jj=&Ji li* Jfi 

,>* 5.3 MeV 4JS> lilt . tAJI .*** ^ * 0.U80 MeV tSU, U* jlfcl j^ 210 ppj)jfil ^ >^ &4 ' 

■ tf(*&) = 4.00260 o ; y gittl tfjifl JtfciilSj ^Fo -> 2 He + JW + /: J*USI J^ 

jIUj^I oik y U» , 5.3 MeV y a ^ iii> Jilt Li $i *«1* ^ ( 1 ) ■ #( * **) - 205.97447 u 

, 209,9829 u y U2II Ml *L ill* 210 j^jJi Uyll VjJJI i^l V-*' M ? 4*0^ u*W ^ 

UiyijIjJU U ( I) , *f(jHe) = 4.00260 u s tf(jH) - 2.0141 u ^jifl Jtflj }H + }'H -4 'He 

* 4J| UM &JJJ HUj JU* 

. ^ fi U* , xMj a p* i JS^I J* 5% B«i >*)^ SW-1 Jj^J! J «jyi r j^' y-L W 56 . 

, JjJU*JI ^ JJ Li ^ ^ v^ 1 J ^ ^ ^ 0- L^" 

^ ji>j a J3LN-y ubU #,!». . 28-4 J Ji? Ji J h^\ ^^ ^LLJ^^\ 238 pH^I ^ S7 ■ 

. J5^s#jl U** Ji ^ t»jLjII jjujy! siyJl 

jj , i*ij ftp* p ^ « f*-* c?^ j 1 * ^ 2 ^ u W 28_1 J ^" J " DJj,jJ ' f*^ 1 "^ lj ^ GS ' 

±jyi tfpji oi^j iL*Ui s^J Lpw ks r j . 4*ij p-*) 1 ^U«*-t y5s»»Y JJ 4»lj* t «lii«* 

28-15 J[ 28-10 CwfUftl 

ij^_J ul^JI ^j . U^ 3iAJ< ^J w^l J* 3^ ^S ^; &iiN *y>J ^ ji 131 V 1 j^ r'^^ 59 ' 

? 0.2 /1C1 UjIjS* i^Li L#J Jl\ m l l»S j U (y) t "'1 > 0-S0 US ^ j» L ( ' ) ■ ^ d ^ 

f 3! F ^ 0.7 g Urli j* b r L^i ^ ^ ^ Lids joxU^j 14.3 d ^ 32 j^yJI j&\ J-lil j^ 60 ■ 

, 46.3 d *J JwJI /* A -flU U mCi L^blJ ^ ^ 59 jjoaJI ^ Lilj? ^ 61 ■ 

Jfl ojJI L, . ISOd j^bOJi m J^\f» } 1 260 mCi Lf^Li ^*> ^ &* LJJl J*L*II J>i Jj^ ^ ■ 

f 26mCi J! L^lii^; yl Jj3 W^ *«JI *'■» fl****' J***^ ^ 
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( 5jj jjl tljifl ) ^jjiiJIj, jjLjJI Jj*)1 



? 2,31 mCi Lpjii'i fcj 1#j1* ^jbJ m#^iI! &• £lj*fl, 4600 d j* <JH) ^y j|WJ JUS j** 63 i 

? 10.0 mGy L*jIjL fUJI Iajw fill J3 Jjy Ij| *UI IJy- l*jt j $&ji\ j>& L* 64 ■ 

^_» Of$i\ ^UjJi ojl^j ? 8°C i^j* 4*jj £>j ^£J ^LjjJI ^j j*U oi v** ^ ^' ty* J 1 - 1 *- L* 6 & ■ 

. 0,031 cal/g.^G 

W) Jj_* ,al±>j< UUsJl jljJU I* . 0,25 Cy lijli LeUij <*>* J] ^ Jw ^ 70 kg <Jjj J«Lc ^ 66 ■ 

^ ^ u^ ^ ^uji j^ji ^ J,* 0.04S ^ u c ^ ^ii J^> iji j*j < pLwi i> *^ ^ ^ ^ 6? ' 

, G700 yi j* U C j*fcudJ uUiil j»* ? plWI **LS j*# j» U . f O 
jl ™Pb ^ eiflSj , m l*b J cljWl i> J^ Jii J*-*j 1-39 k 10 10 yr y 232 ^ O-Jl jj. 68 - 

gUII ^1 oLil ji j*JUU li* &iSy ■ 12.3 yr J JUtf ^3 ^jjJ^Jt ^ ^ (? H) ^ pggfl 69 ■ 

^ ^ uh£ ^ ojl^j J*JJl Cj <L*L*; j* 0* j% ■ >!*-» toi^ £• '** ^J *#J# ^ 'H* 

28-18 Jl 28-16 ** f Lifal 

1 W(jn) = I.n0fi66a u ■ M 23S U) = 235.04392 u ; ^ jtftfl Ijn ^ JjSill ^ Vj^l J^ 1 ■ >^' 

. M( 5S Kr) - 9192627 u t M( l4 *Ba) - H3.922flfi u 

■ i|,|.i i ,^ jj^ LsUJl ch ^a * 210 McV bjiA SiUw \y-** m V. fjjijIjJI j^ 1 **U oiK lij { I ) 71 ■ 
f i 1 j J *jj->Ji ^LLJI UJi ^ Ui 8 emta QUJ1 ^ kb olyyai "Ulii liilS lil (y) ¥ "*D ^ I g 

j^LLU Ljim !*LiiJI cJtf li| Ubtj i*L 5^ 1500 MW L^ji jji ik^ J^ «U in fj^ ^|>* f 5 72 " 

>LUI v^ jj MS U ^ IJLs , l^lyJI sj^JUl ^ SfiOOMW ^i^ ^ l5j* *J»»- ^ >iiil yB ^ ?S ■ 

^ i;>: 210 MeV 6 t ^J*l T olJl ^ ^J1 ^ J^jll "U ^ ^i ^ 6 yr ^ 28% ,bl* .^^ 

j^l Uj- j* U ( i ) . \lj. I>^ liU«1 £f H) i^L p^jjj ijlj 4 x 106 In /a ^_^ b tfp ^ 74 .. 

<iSL 3 y> oAJ *jj ju Ujj Llikfl »jkfl*j ij/J^^ 



J 



-im 



L 



( 4jjjji ;ipD ) j|>Jij^iili j**)i 



! 



aL p-UII £* T 1000 MW Jl J-* SjjS g|3fl ^tf JS ^ii- r>! ^3ij cx^ji^l C* £> pjf • p-j^" J* 
. M*Hb) = 4,002fi044 u i M ;! H) - 3.016QM u * M) = 2.014102 u y. \# jyfi JiSJl 

: LllsJl u^LiVl o^UltiJI ji Sj^sil iiLUl ^ji 77 ■■ 
{H +]&->]» + }H i |H +?H -»JH + JH 

4jU JjLw 

o,t ^ u V M Co j. *i* ^ 1 gm ^ u$*jll djiH jj£ U ( i ) S.S yr ^ c0 Co ^Ljflf jJvl O-Hl j" 78 ■■ 

. (Ti*}s t*J J*UI j*s j>i "L, ^ Sljl Jfi j ffto) j* IfJ ^ ^* Sjti cm fly M ^ ^ U fc*» 79 M 
O-j in jh*j Jj-bi J-aiJI ^ fii jjStl J M i JVn (SWj i ffWa yJi M JUI O^JI ^ >* I* 

^ U *U tf jil sljlil jM UStll o l JW! tf*H $ 28-J6 pJJl ji fc£ 80 ■ 

. J, us oUUJi w* LtsS ^ . /J oU*-* j^L *ljti. up jIjQuI ^ ojUI jSLfcill J>^3 fl 

gKr -4 gZr + 4/J + Utb * ' 6 > -> "fOc + ^ + 311. 

- j 4jWI B j* y J/iii tjyll LjUl JtfJI . U^l si* **D 51)3 jlkiil i* '^' **V?I ^LUI j*j! 

,Jlf&}- 91.90503 u « tf( H<1 Ce) = 139.90639 u « JVT'U) = 235,04392 u 
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1-jpiftJt 




£ 




>l&*Uj»$t J|«% 



. j^maU p*yj\ jjiSuJl y» -haJLI jJwJI ^ J L iij*JLiil jrf j^LaIj Ljjjl Jj£JI *jjj J t 



Z LijJJ! jj*JI j*jjl 









a l.OOSGCS Neutron 

H 1.00797 Hydrogwi 



09.935 
0,015 



2 


Re 


4.0026 


Helium 


3 
4 


0.00015 

100 


3 


LI 


6.939 


Lithium 


6 

7 


7.G2 
92.48 


4 


lie 


9.0122 


Beryllium 


9 


100 


5 


B 


10.311 


Bolron 


10 
11 


19.78 

80.22 


6 


C 


12.01115 


C&rlwn 


12 
13 


98.892 
1.108 


7 


N 


14.0067 


Nitrogen 


14 
15 


99.535 
0.365 


8 









16 


99.759 






15.9994 


Qsygfln 


17 
18 


0.037 
0.204 


9 


F 


18.9984 


Fluorine 


10 


100 


10 


K* 


20.183 


Neon 


20 
22 


90.92 

3.32 


11 


Hi 


22.9898 


Kmliuni 


£3 


100 



1.007825 

H.0U102 

3.016080 

1.002604 

6.01G126 

7.0lfi005 

9.012186 

10.012939 

11.009305 

12.0000000 

13.003354 

14.0UJ074 

15.000108 

15.994915 

16.999133 

17.999160 

18.998405 

19.992440 

21.991384 

22.989773 
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^ 



l-^piii 



l Jjjj! jUhJI 


*J» 


h^\*m 


y^Jl 


A iliH\ JJf 


llJUaJl l}$\ jjijJl ^itf 


m 




SJujtfl 






/ 




12 


% 


24312 


Magnesium 


24 


78.60 


23.985045 


13 


Al 


21.3815 


Aluminum 


27 


100 


26.981535 


14 


Si 


28.036 


Silicon 


28 
30 


92.27 
3.(15 


27.976927 
29.973761 


15 


P 


$0#?S8 


Phosphorus 


31 


100 


30.973763 


16 


a 


32,004 


Sulfur 


32 


95,018 


31.972074 


17 


Cl 


35.453 


Chlorine 


35 
37 


75.4 

24.6 


34.968854 
36.965896 


18 


Ar 


3D.G4R 


Argon 


40 


yy.ti 


39.96238-1 


19 


K 


39.102 


Potassium 


39 


93,09 


38.963714 



20 Ca 40.08 Calcium 40 

21 Sc 44.95G Scandium 45 

22 Ti 47JQ Titanium 48 

23 V 50.942 Vanadium 51 

24 Cr 51,996 Chromium 52 

25 Mil 54.9380 Manganese 55 
S$ Fe 55.K47 Iron 56 

27 Co 58.9332 Cobalt 59 

28 Ni 58.71 Nicknl 58 



58.9332 


Cobalt 


5871 


Nickhl 


63 54 


Cuppur 


65.37 


Zinc 



29 Cu 63.54 Cuppnr 63 69.1 

30 Zn 65.37 Zinc 64 ASM 

31 Ga 69.72 Onllium 69 60.2 

32 fie M Germanium 74 36.74 

33 As 7d 9216 hmek 75 100 

34 Se 78.96 Selenium 80 49.B2 

35 Br 79,909 Ennui™ 79 50.52 

36 Kr 83.30 Krypton 84 56$ 
J7 Rb 85.47 Rubidium 85 72.15 
38 Sr 87, C2 Strontium 88 ffl.M 
3y Y 88,905 Yttrium B9 100 

40 Zr 91,22 Zirconium 90 51,41 

41 Nb 92,906 Niobium 93 100 

42 Mo 95,94 Molybdenum 98 28.75 

43 Tc * Technetium 98 

44 Ru 101,07 Ruthenium 102 313 

45 Rh 102905 Rhodium 103 100 

46 Pd 106.4 Palladium 106 27.2 
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73.02115 


74.92158 


79.91651 


78.91835 


83.91150 


84.91171 


87.90561 


88.90543 


89.90432 


92.90602 


97,90551 


97,90730 


101.90372 


102.90430 


105,90320 



1- ,5*111 





Z jjill jjJI 


>;i 


hjj}\ iLUill ^uaJI 


AMjjt 


Sj*wiJ! iyjJl jJwJI *M 






ijLijStl 






I 




47 


Ag 


107.870 


Silver 


107 


51,35 


106 90497 


48 


Cd 


UM) 


Cadmium 


114 


28,8 


113.903G7 


49 


In 


1 14.82 


Indium 


115 


95,7 


11190407 


50 


Sn 


L1SJ9 


Tin 


120 


32.97 


119,90213 


51 


8b 


121.75 


Anthmmy 


121 


57.25 


120.90375 


52 


Te 


127,60 


Tellurium 


130 


34.49 


129,90670 


G3 


I 


126.9044 


IftfJin^ 


127 


100 


126,90135 


54 


Xe 


mjo 


Xenon 


132 


26.89 


131,90416 


55 


Ch 


132.905 


Ciwum 


133 


100 


13290509 


56 


Da 


137.34 


Barium 


138 


71.66 


137.90G01 


17 


La 


LSB& 


T.3iifhanniTi 


139 


99.911 


138,90606 


58 


Ce 


14U.li! 


Cerium 


140 


98.48 


139,90528 


59 


Pr 


140.907 


Praseodymium 


141 


100 


14O.90739 


60 


Nd 


144.24 


Neodymium 


144 


23.85 


143.90998 


61 


Pm 


* 


PrnriiHthiuni 


145 




144.91231 


62 


Sm 


110-36 


Samarium 


152 


26.63 


151.91949 


63 


Ru 


151.96 


Europium 


m 


52.23 


152.92086 


64 


Gd 


157,25 


Gadolinium 


158 


24.87 


157.92410 


68 


Tb 


158.924 


Terbium 


159 


100 


158.92495 


08 


Dy 


162,50 


Dysprosium 


164 


28.18 


163.92883 


67 


Hn 


184,930 


Holmium 


165 


100 


164.93030 


68 


Er. 


167.26 


Erbium 


166 


33.44 


165.93040 


69 


Tm 


168,931 


Thulium 


169 


100 


168.83483 


70 


Yb 


173,04 


Ytterbium 


174 


31.84 


I73,SS9p2 


71 


Lu 


174.&7 


Lutetium 


175 


97.40 


17491069 


72 


Hf 


178.49 


Hafnium 


180 


35.44 


179,94681 


73 


Ta 


180.9-18 


Tantalum 


181 


100 


180.94798 


74 


W 


133.85 


Tungsten 


184 


30.6 


183.95099 


75 


Re 


186.2 


Rhenium 


187 


63.99 


186.95596 


76 


Os 


190.2 


Osmium 


192 


41.0 


191.96141 


77 


lr 


192.2 


Iridium 


193 


61.5 


1&2.9G328 


78 


Pt 


195,09 


Platinum 


195 


33.7 


194.96482 


79 


Au 


196.967 


Gold 


197 


100 


196.96655 


80 


Hg 


200.59 


Mercury 


202 


29.80 


201.97063 


81 


Tl 


204.3? 


Thallium 


205 


70.50 


204.97448 


82 


Pb 


207,19 


Lead 


208 


52.8 


207,97664 


83 


Bi 


208.980 


Bismuth 


209 


100 


208.98042 


81 


To 


210 


Polonium 


2L0 




209,38287 



L 
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Z JjJJI JJuJ! 


j>J\ 




jjalaJI 


AiMiljjP 




85 


At 


* 


Astatine 


211 




86 


Fr 


* 


Radon 


211 




87 


if 


Sanctum 


221 




SS 


Ra 


226,054 


Radium 


226 




89 


Ac 


Si 


Actinium 


225 




90 


Th 


232.038 


Thorium 


232 


100 


91 


Ta 


23kfi86 


Protactinium 


231 




92 


u 


238.03 


Uranium 


233 
235 

238 


0.715 
99.28 


93 


Np 


* 


Neptunium 


239 




94 


r*u 


*: 


Plutonium 


239 




95 


Am 


* 


Anwidum 


243 




% 


Cm 


* 


Curium 


m 




97 


Bk 


* 


Berkelium 


248 




98 


Cf 


1= 


Calit'ornium 


249 




99 


Es 


* 


Einsteinium 


254 




100 


Fni 


» 


Fermiuru 


252 




101 


Md 


* 


Mendelevium 


255 




102 


No 


+ 


Nobelium 


2G4 




103 


Lw 


* 


Lawrenciiim 


257 





210,98750 
210,99060 
221,01418 
226,02536 
225,02314 
232,03821 
231,03594 
233,03950 
235.04393 

mmn 

230.05294 

'm.mui 

243.06138 
24&I&534 

24M70S05 

K4W.0747U 
254.08811 

mmm 

255.09057 

254 

257 
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j 



r 




b i o Oi>^ dfr^; rfl LsIS* j^j . 15 ijLu Watf 7.4- 8' i 8 + 7 J ^V- * Hi*.^ ^*3 jSlI ^U^l w 

. a + fc - bts LjJ ;LJ 

: ili 6 = -3 j s = 7 ^£ Bj : jftl J^ &ti OU Ijj* ^L Jlj 

a-b-1- (-3) = 7 + 3 = 10 

, 4um jj 4j iLil jjAJ 'jili ■ PU l-JL^. tjIu jl] 

li^j fifty a.h [++&, J j£\ux.b j 6x3 = 3x6 = 18^ ; Lp LjU pLSjl yjj ^ ^ ^JJt .jpjSJI y*J 

: LJbJI oljLl)'l JJtljj iUk, vr^ 1 °^ ^*l ^ 



JLi 






Mi 




5x6 = 3? 


) 




a x 6 = ct& 




HO x (-«}*■ 


■31) 




(n)x(-i) = -a6 




(-5)x(-6)- 


30 




(-a) x {-b) = aft 


<Uh«UI ( j ) 


Jilt 
15 + 3=^=5 






b 




15 - (-3) - -5 




a i (43 


a -a a 

= -h~ b '' ~h 




(-15) + (-3) - 5 




(■*} 


-«-f-f 





> 



im- 



2_j*m 



j*ij^i (j) 



4^1 U,ijLJL> yJjiSl JjaLJ 



(a + 6) = (6 + a) = a + b 

d{n, + b + c} = dti + dk + dc 

(e + i)(a * & +.«J*«(flt + fr + e) t d(a + 6 + c) 

-(o - 6) = -a - (-6) = - o + 1 



a+b^a + b 






r c 



C c 






a c _ ac 

b d~ bd 



.) 



— = -v1 = u "X C = - - c - 

6 6 d c k 



<U*J jjJuJ yl jjJ j|j*I1 jj^AJ jj *lil|j la-iJf j* Ji' ujj_e ,uuLu U JjLJI JUil ^ji} 



J3_ujuj I y_l ijjjujl Cl^UUI' j. /lli KJ yl 



try ft y y y 






. lift -Le jU JUaSj 

g.c_od_ffld 

b rf b c be 

dJ il* i MiiJl Ujj yi jjiy H <i&\ y-^ ji jilillj JfcJl |> J^ Vj^J 

JU( J^ ^ . ^Uilj 



L" 



J 



bd 



bd 



. j^u** ^ 4itt ty JjUll y-*i plill jSj kJI J i* J* J*i yi Jjl 

U*"l ( 3 ) 

; yi ^ ( iji)l ji ) yAl J^ t>j : (J j*l c ^i* jJJsa <l c jljill jj 



a° = l 



ffl 3 =fl,fl,fl 



ft-'=i 



*-_L-_L 



a . " = 



a.a.a 



a' t a" i = a fl * m 



(abY - oft 8 
(a 1, ) m =a nm 



» -L 



a - 



*aI'J.'I _U= IdtftJl y^"Jj 

a » I/a" 



(fl n )^=fl^^^ 



I £80 



r 



8.4*111 



o^jUII ( c ) 

fix+ 7s s -3(2~ff) 

5jU| Lo5^ jjj LlJ wjIjJI Jufiljfll JUJ jjbj i da: + 7* 2 = 6 -3# *iM\ oi* £*? * ^j$i i^S pLWJtf 

JWI yjl Jb 4JjUil La 
7* s + 8x -5*0 
; ^jill UiUll f IjhLiL .1 jL^)' lj-1* ^j a a? + fa + c = SjpJl J* *JjW u*j 

x = 1,03 j * - -3.32 ^li jail ij* 4JU jjj 
. <jjLii LfiiJ U*i ,^£ ijLuu. i^SJ ^jUl ^U*SJl ; 1 Infill 

h a o n 

da = k - fl# | -J fil* lij 
, l^bsll i,5UUll ^l»J ^ brf </ iijUJ^ ji c^jLJi ^ vj^ ^ » 2 ^ 1> »j-^ ^ '^i 

( s^ili ) JH > j! o^^J^ *>' gp i ; ^ ; 4 SjfiUJI 

8k 4 = 25 ^l i^J c«3>Jl Wj3 ^kU LJii i 9i y = 5 ^ 131 t d&il j#- ^J 

dJ 

, 2 1 1 jj^LsJl pWa-lf lit cpI^! o£«j . 3x = V5 x>*J 
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^GJIJ^JI 



215 m/s i 480 mi/h ( i ) 1 

1.34xlO fl a 8 

iJir^l^efiTi^S.eOm/fji) 5 
3.4C ui/a ( v ) 

i 0.85'/ cm/a (^) . 1.0(1 khi/b ( I ) 7 
( -l.OOm/a { j J ( -0.400 cm/s {jl) 
cm/a (Jt) 

11,2b 9 

i^i)l iLpJi J 32.D iii/iulu j i 16.7 1L 

Uj, - -7.1)1) fim/s ( », - 2(1.(1 ftm/ii £ r^ - 7.30 cm/* 13 

09,1 m 15 

0.970m& 3 17 

y- l!Wm , *--J.Wmk i If) 

u, = 0. 103 mi/fuu = 2.10xl0^mi/j 1 21 

(1 . 6,98 x 1 II 17 m/s 2 , ( _ 1 .79 x II)" 10 b 23 

1,88 x 1Q" 4 g , H = 5,35 x 10 s tu/$ : 25 

5.80 m/s («} ( 1930 m j i ) 27 

20.3 a f V ) ; 106 s ( i ) 29 

a - -3.72 m/s 1 31 

iy= 1S.& m/6 < >■ = 8,54 m 33 

p f =29,2fii/s . J = 1,09 a 35 

1^.-21.2 m/s l £ = 3.37 a 37 

/t; = 143mj/j, = 19lDi 39 

0,434 a 41 

115 m 13 

26,8 a; 4.23x10 s m 45 

20,8 mi i ujillJUJ 77.W 62.5 mi/h 47 

83.3 mfe 49 

4387 ft 51 

f=<Vs)[li/l((2^>l 53 

9.10 m 55 




13.9 a S7 



*id13II>*II 



139.5 m/s l 1S7N 1 

4100 N(^) l 3.03 ui/b j ( i ) 3 

325 N fl 

770N(^) , 70S N { I > 7 

2506 N 9 



t 3.16.X # j (yj l 2b.fi m/s (I ) 1 
666.7 m/miu (J) ; 4921 ft ( j ) . 402.3 m fa) 

i 2.26 x 111" 6 m (u) ; 6.28 X 10 4 m j I ) 3 
l,358xl0^m(j) ( &&)( &*»{*) 
3.00 x 10 1 in (j>) 

1.31 xlO" 1 5 

4 (j) ■. 2 ( j ) -. 3 <_>) , « 4 (v) '4 ( ■ > 7 

BJBxlO 8 9 

152 in II 

. 1.17 x 10 s ( V ) ( 4,0 x 10" ( i ) 13 

SLtthc 10* ( * } ( BxlO !5 (^.) 

. jjill VJ i> 26,0" ( ^LijL 7 15 

. v >Jt VJ lf 64.0* . ff 128 17 

, jjJI JUJ 32.0° i 1410 km Ifl 

203° _, 23.0' 21 

, jjjjJl yjiif MW i 553 m 23 

. VJ *J1 v>^ 61,0* i i>A 128 25 

, $jll\ JUi 32.0" i 1430 km 27 

B, = 2MmjB, = 48.0 m 29 

i A y - +0,360 cm t Ar - -0.930 Gffl 31 

A, = +1,15 cm 

. ^IjSl ^ 33.0° i 136 m 33 

VJ i*Jl v > 10.0" tyljj BC = G97 mi 35 

AC - 571 mi 
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r 



^! ^^j ^Ul U*l 



1072 N 7 

f-22,7* 9 

SCON 11 

r ft = 362N ( f^AMl) 13 

\^-l^N, W, = 230N IS 

W S -KJ9N: ffj = rt9N.ff 1 = n28N 17 

r^fiMNff^r^a^-appN is 

i T,j; * *303 N.m ( T H - f 120 Km ( J% - t<j 21 

T«* 150 N.m 
18J m : iJ.OO ta i jLi t jLn . 2.01) m ( i ; 23 
tZJ9F s t +2.00 F, L ju ( jw. , -2.00 ?! M 

'I (KIN 25 

T = 2.00x10^ N.m 27 

120 N 29 

r a = 293HjtF,«2S3ft SI 

4001) N 33 
V- MBIfjJfcffiS (yj i T=1987N( i j 35 

&00.9 37 

V = WlN } R--m (v5 , r=1987N(!) 39 

1)-\>,W 41 
w = W|l ( {L/2WIa)H3 43 

834' 45 

1612 N 47 

1,13 m 49 



t^UJI JtddJl 



70.0 J 1 

sm j 3 

720 J 5 

4.(M) m/fl 7 

3523 J 9 

1868J 11 

EUS4ip 13 

12.0 W 15 

4662 N 17 

O.^Wm/B 19 

1.31 a 21 

4.00x10" J 23 

89.4 m 25 

0,777 i 00,000 ,1 l 70,000 J 27 



-2544 N 11 

-564FJ N IS 

i 2970 lb ( _» . 132 lb [m) , 2.21 lb ( i } 17 

1.001b ( j)< 2000 lb(j) 

58.2 H 19 

98LG kg ^4) j ( V ) i 160 N < i ) 21 

37.5 N<_v) i 69,4 N^) ( 17.0 N (i ) 23 

./- 21.9 , 10.3jl9.7M(i) 25 

.^i^Ml^l l«M = 0,800 27 

35,3ffl 29 

71,0 m 31 

-205xlD s N 33 

a-Sfifli/ji 5 35 

107 m 37 

^ y r = 15.8 N j a - 5.27 a& s ; jH£>l iirt 39 

r-ll.SK j a-2,04m/s ! . Jb^l 

1 r-ll«N (Q = 3.62a^(ij 41 

T=lG,5NLfl-l.fi'iWs s H 

^ = 0S21a ; T=163N 43 
t - 0.980 s , T- 0.268 N 45 
a - 2.07 n# < 7" =■ 2.82 N : T = 0,802 N 47 
Paflf+jn^ 49 
3.49 m/$ J (y) i 13.8 mtf { t j ffl 
JJ = 0.363 53 
, f fl = 2.70K J r r = 4,85X[i > 55 
r t =7i3N 1 T J = i3,0NM 
if, - 0.550 N j IS- 0.9000 Nf*j 
( T r 0N /^-ONfj) 
r 6 :=2.70Nj Z>4S5N(J) 
5,30 m ( j) l 4fi.1 m ( i } 57 
a s= (/( co& + aiii 0j* 59 
a = 8."0 io/s 1 ( V ) ■ F ft - 14.2 N ( i ) Gl 
fl-Om/^ Mi F w = 46,2N R ) 

m]= I). 11)7 kg G3 

r.-^.QNjr^eo.oN i 
.jj^uJi «260 u 4hjI^ 41)0 : \' :i 

r a - r s = flClJl N i 7>180N(i) 5 
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4jj>JI fifi M JJI4I luj 





^ = 0.0301 (/, 


B7 


L A ^ AKE/Kfiv =^ ikKk 1 1) 2 


29 




m, - m^ 






t G5,2s 


31 




28.8 cm 


33 




£ = 26.1fl 


35 


, w>Ji JUi 56.0^ 


. ■(- = 0.721 c B 


37 


ill jll lL tjLuJlq i ' 


e /2, ifc/» 


39 


. uJUIr^L^Jl iii*3 


27,6 s s 3,48 v 


41 


, jjjJI JLi 23T 20.2 ra/s 


43 




t = ft54s 


45 




4.05ra 


47 




V= JgL/B 


19 


178 N(y) 


38/S im/a ( i > 


51 



,*j Ul J^aaJI 



1 






H J-H C (-*) ■. 152" (L..) t 0,559 rud(i ) I 

5,SJ4x lf,r s rsv L 1.W ( 0.0329 rd 3 

0.105 rad/a 5 

44.(1° (y) i 346 rfld/s ( 1 j 7 

4,53rad/« a 9 

0,638 rev ( v ) t 0.00284 reW ( 1 ) 11 

1.03 rev/s 13 

400cm/s 15 

22.3 rev 17 

U5red/n z 19 

D r = (y) i 4CTra/s (f j tl 

15,8 m !ti 

2527° e 25 

63.9 rev (w) i 12Gm(i) 27 

87.0 m (uj) . 221 rev ( i ) 29 

01/S rev i 1.35 rad/a* 31 

17,040 N 33 

1.07 35 

0,340 rev/s 37 

17.1 mi's 39 

16.2 m/s 41 
1.14 xltT 1 * i 1,88 x Iff* N 48 

0.314 45 

RJR f = 0-270 47 

Ii7xl0 i7 kg 49 

3,18* SI 



300§f 29 

1.62 xlO 5 J 31 

0.600 1 {y) i 900N(1) 33 

17,640 J as 

9 30 J 37 

93.4 hp( v ) i 1.88xlO a J(i) 39 

4.43 m/s 41 

14.4 N 43. 

13.3 N 45 

2925 hp (_>) ( 0.940 (y) : 83.8 x 10 7 J ( i ) 47 

7.66 m/fl (-») i 1.27 m (y) « 10,0 m ( i ) 49 

54.1* jl 0*541 Si 

o e - 7,31 m/s t iij, = 10.0 tu/s S3 

fi.IMm/s S5 

19.2 km/gal 57 

. Jill] jj 67.0%^) i 21.8 [y) i 14.3 ( ! j 59 

IMA = 9.44 , AMA = 8.40 01 

0.590 hp *3 

0.0399 Nm< BfcN(I) 65 

7.78" 67 

,-9,25J(.*)t -21,2 J (v) ^ 70.1 J C * > 69 

19.7 J( j) 

470 kJ (y) i 480 fc-T ( I > 71 

8,97 a 73 

Ji\ Jl *3.33 tanfe (v) i S*» 35 > 625 156-m/B < f ) l 
, Lji 6,53X10' !»«*>*) 

,JiLijJp = fli^ 3 

KE-^/an 5 

28,500 N 7 

-7236 N 9 

F = 7.95 K lO**' JN i A* - 9,04 x 10 n a 11 

F= 0,0548 ( V ) ( ^Jt = 0,054S«N.f j i j i:i 

Vmdiilltfi+Mj IS 

. Jiij\ 12.0 m/s 17 

F = 0.0319 H (y) i w = 0-141 m/s ( < ) 19 

< u |( = 16.4 m/* i uj - 34,3 Ws i v u = 164 m/s 21 

u rJ ■ 60.4 m/H 
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JjjUlilijtoeljJiLN^l 



*-jUJI L UiJI 



O.fiMg/rm 3 1 

90,0 kg 3 

58,9 1 5 

.ttW^31.6 7 

1750 kg/m 3 9 

S60 in 11 

3.51 x 10" N/m ! l.'l 

C.54xl0" d ]ii IB 

1.82>; 10 & N 17 

4G30Pa 19 

SJtalfl'lfc 21 

4V/V»,2.70 M* 2* 

503 N art 

1.18 x 10 s Bl 27 

102 kPa 29 

%U J O.ftQ ( ¥ ) ■ l.filxl0 7 Fa(i) 31 

6.00 m 33 

11 5 cm 36 

90.4 kPa 37 

1,41 N 39 

10,5 m 41 

P/W-272 43 

0.0677 N 46 

tl.^g/cnr 1 47 

%iWm^ 40 

750kg/m 3 51 

7&&6N 63 

23.9 1 55 

0.1&2 k^ 67 

QIQ^m'i B9 

21.W/s 61 

Q.278 mVs 63 

0.361nii 65 

22.8 kPa (u) i 399kPa(i) 67 

611 kN 89 

4,91 x 10* Pa 71 

222 m/s 73 

0.0409 vaia 76 

459 m/s 77 



£0.3 h fill 

2.57N 55 

4070 N 57 

a,57 rev/e 59 



^lUI J^ull 



0.339 J 1 

49,33 3 

2.83xlG 4 N,m(y) t LjB?xW*J.,{h 6 

0,500 rari/s s 7 

l£.Bkg.m a 9 

107 N II 

12.6 s 13 
22.6 rev IB 

3.2Sm 17 
4m(fl ! + h a ) (jj : 1m6 s (w) ; 4ma :i ( i ) 19 

3MR*fl <u) < 2M& ( i ) 23 
ML 2 /9 , ML% 2£ 

70.7 J 27 

22.2 J 2!) 
0.302 N SI 

324 J 33 

T- 0.577 K i I- 0,0153 kg.m' 35 

O.G50 J ( V ) s 3,61 rad ( I ) 37 

7.4Srav/n(L 7 j) l fi.05 rat^S { F ) 39 

5,87rcv/s( v ) i 2.21 m/a < fj 41 

1,45 cm 43 

13.3 J 45 
y f 'M i t> d = L15^ l p i - L2&^$ 47 

, Xji jo j[ i^ai > 

ll.3kg.IB*.! 49 

27,8 TCT/4 M ( O.GOQkgW(i) 61 

4.13riiv/mir) 53 

3(f fl (-*) i 2v s (y) i 4^/3 f i ) 65 

5.81 rWmin 57 

l.GG*10 lu < 2.91 xlO" 4 ^ 59 

AKFJftT] - 2m{M + 2m) 61 

# =21,4 red/9 ( p"*fi r 71ah 63 
4:5!'m 65 



k 



- n:i5 - 



r 





LjjiJI^^IalJjimLLr! 




296 kFa 57 


7.1.0 xlir 7 m 79 




HMffcjfr) i 6.45kR(f> 59 


un ; ifis; m = 1 ;4; 9 81 




.1^11.40 ei 


1.20 xitr 6 ™ ha 




652 m/a. 84.1kj>/in s «3 


a.iaxio'N 85 




jA* JJL>JI J^AftJl 


77.S5cmH^ 87 
.Vi Pi = 2840 ^.QVr^Fafi) 89 




49.7 y 1 

9193 J 3 


. »UI JJjJj^ if = -500N 81 




25.1 fcJ 5 
635 kJ 7 
28,1" G 9 


, J; UI .^1 ^j jiSl ^j «*, ^ i W - 3.85 X 10- N 93 




1.84 g 11 


944 ft F (j.) i -18.4" F (y) : 29« K ( 1 } 1 




1.79xl0 4 g 13 


20.26 Ki -473.17" F 3 




17.2 k 15 


Jj^Wl'Mir^MWCfl) s 




mkfzlti 17 


r m - 379.47° F 




2.30 xlO 1 a lfl 


T t ^mK:T h --mK 7 




16^m 21 


474K=474 a L< 1 9 




s = 0.020S 23 


2.fl2xlO as kj{ 11 




AL/L = 8.75x11.^ 23 


] £> 3.86 x 10 s3 IS 




1,13 cm 27 


. L^2.66xlQ M 15 




757" C as 


Wsi.osxio a& (y)i7;.e7xur sl kg(l) w 




AV-27.0xl0W 31 


30.0 g is 




3.21x10* J 36 


. iijtf J^ il^fJl GG.O kg ill 
34.9k/ii»1 23 



LIS k 10 s J/b 37 

57JW(w)i 58.3W(f) 39 

364 K 41 

O.lMttmlK/W^) .0.0175 in 3 .K/W ( i ) 43 

\Q ! \T -- 1 .374 AT ( v) , AQ / AT - I) KSMS A7" < 1 ) 45 

A^/AT = 2.eE7Ar^) 

165 D C (y) t 170* C ( ! ) 47 

473" C 49 

KE= MRjaJ 51 

0.0E77 " C 53 

7:i7kJ i 

6.13° C 3 

W eA = 1032kJ 5 

AQ = 1G7J( V ) s MJ-0<t) 7 

6.27 s 10 "kniul i 0.251 g 6 



V = 2,61V„ 28 

1^9.40 27 

77'/', = 1.50 23 

, ( 1 j <»3*!l ^ US j v ) i 927* C ( I ) 31 

TJ.lkPa 33 

10,6 nil 35 

1.72m J 37 

1,43 kg/m 3 39 

lfi27 u C 41 

6,21x10-" J 43 

EKll K 45 

?*ftfti 47 

1.94xlQ-**feg 49 

^14ib^(y)( 8,14xl0- 2, kg(i) 51 

S^KlQ^Pa^ 

148 kP* ( 24.6 cm 53 

20,0 ciii 'l^fJI jj** fUfljl 55 
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i*jn t \iji\ cm j>uyife\ 



3/74x10 J J 


S 


2M[U( M ) L 3fif)flrT< 1) 11 


24.0 m/s^ ( V > i 1.10m/S(l) 


5 


72lJ/k*.K 13 


24.6 mk 


7 


IDSkJ 15 


< USBmfe'(y) t lUNtoi) 


9 


ag*-&$ftj 17 


a-0.75QW . » = 0,147 cj/s (-*) 




£ y *3.57Ri C P .»4.57R 19 


3100 ra/s (*) i 0.229 iil/s* fr) i D,2Kmfc ! ( i ) 

2,03 cm (w) i 2,17xlO' l N/iii(i) 


11 
15 


Q - ml itt- MM 'I i $ ~ 59S7 J 21 

if/ = 3788 J , &Q - 1660 J . V = 3156 J 23 

10GLI 25 


fe{Wfi)lAYih® 


V,/V,-1.G1 27 


i ft - 9.40 cm (U4) ■ t jfe = 7,63 K/m ( i ) 


17 


1.60 m i -W3* C 29 


T = 0,924s( J ) i f=l,0SUf!(^) 




A/7-0(lj) i Q = S39kcal{ i j 31 


. s(f) - 0.0235 ma (6.74(}m ( i ) 


10 


WQ- 0.213 l it/ /Q = 0,781 33 


tf#}=-0,$»*fci(6.T4f)nik 




jr/ft-MSxM* 35 


i x{t) - -0,0287, -0.0265 j 0.0160 m ( v ) 




7= 1,41 ( V ) 1 M = 22.6kg/mo!{i) 37 


meQM5i,-$jmij-$mm!6 






i = 0.312a [j ) il*mt&) 




fit cM\ jjill 


/./[,, = 0.1 11 


21 


( 00,30) • i0imil):iiiuj>4iL.(i} 1 


*,,- 9.8004 intf, ^ = 9,7516 m/a J 


n 


(3H,0H) , (2H,1H) 


13,5 NAn 


25 


0.375 (_*) i 0.121 (v) 


7,60 Hz 


27 


. lliu Ifljjj 84 a^-jj ( i ) 3 


6,77x10" Hi 


29 


L_JltL*L 5 *jjj f+JJh* (J* u'*— a*U (J_Js 6 1>l (y) 


1,80 s 


31 


Djjj ^^ j-U j^^U j> 3 j*jy s 0,09375 Uji 


lltiTV 


33 


Ijj^ 1 ^' 1 JpM ■ 0.0648S l*jJ y'J»L 11 


113 N 


35 


.0.187G*^ ( U^lj3j|i 


130ft N 


37 


LlSxlO IJ f*)i &2(*)iSfl) 5 


96.7, 193.3, 241 j 290 Hi 


39 


15,8 J/K 7 


^alLrt(y)*850Bi(l> 


41 


-0.9ft AK *) 


M| - 344km ' m t =49&K (v) ■ %■ 774 g ( i ) 
M&xlO*JftR(t r i}*49.7J(j) 


43 
45 


24,7 M 11 
i 4.13 x 10^ J/K ( y j ( 2.22 x 10 ,2i J/K < i ) 13 


0.348 Hz 


47 


A" = 0(j-) 


, 12 h JSy.39s JjLj tkiJj ; (>}J ) ^ «UI 


49 


0.607 15 
6.05 k 10 s J 17 


1870 m 


1 


1.56 19 

i 0.240 (y) i W - 3885 J i g= 3888 J ( i ) 21 

0,500 (-*) 


0.642, 1.89 j 0.219 m 


3 


i.|0 23 


343G5m/s 


5 


4,47 ( V ) i 7.81 ( i ) 25 


1434 m/s 


7 


itf ^ ^ j»j Tj, ■ 373 } T, = 273 27 


22 lGPa 


U 


[l.fi'/l {^.) ! 0,505 (h) t O.4&0 j 0,250 | i ) 29 


, Jj^l jt**il A Jli f : 1*2 Hz (w) ; 5.20 X 10 s b ( i ) 


It 


$2.18^-) . $8.72 ( y ) . 14,63: (1) 31 


, WJI j) 0-227 i 17.0 W/m* 


13 




66,4 dB 


IS 


jtogjjJIJrfSlI 


1.50x10 '1 Wi 2.00 x 10"* W/m B ( 1 ) 


17 


4 =9.60 cm (.>) < T = 5.12 5 (wj i f= MSSHz (I) 1 



k 
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oj/i^i^ijsuiu?-! 



. } \M uti : tytfli ■; %tfffi\ j*i 1.44X 10"* WO 27 

5,38 x itf N/C ( V) * S -0 ( 1 ) 31 

a jy*» £ -77.8" Hi 2.SK x lfl 6 N/C 33 

, v > [1 j^2G0ON/C 35 

, x jj*Jl &i*jl i 8.32 x in 1 * m/g 2 37 

g- 0.817 ^C 39 

R = fmu/qj toj 41 

1,72 juG 43 

2.00$ j5,O0pC 45 

0,144 N( v ) : 1.62N(i) 47 

5.13 xlfl 11 N/C 4» 

E = 51 

. -a jj>J| sL>^ ( & = 9.13 x 10* N/H U 

y = (-eEle.meJ; n lr'' ^j , _y ^ l-eEf2m,)i l (\ ) &G 

, jj_pJ) [ l UjJ L^ly i 5000 N/C 57 

-54,0 J l +54.0,1 1 

-4.00 x id" 1 * N (lj) , 2,50 x 10* V/m ( i ) 3 

2,31xlO fi ,T 5 

480 V ( j > . -400 V H-) : I) fui) : +320 V ( i J 7 

-5.27cm( V)( 1,46x10^(1) 9 

SJ1^ {V ) i 2,68 I0 s ffl/8{1) 11 

1.67xlO ft V/m 13 

i; = ^-T-92xlO fc V 15 

0,712 V 17 

7,7(3 x 10 s Wa 19 

6.92 X 10 a iii/a (_*) > 4.00 x HT" J , 2S<! W ( 1 J 21 

0,0060 J 23 

10.4 MV 25 

3,43 MV i 3.42 MV 27 

28,2 eV SMt 

-6,S6xlO m V 31 

-4.80 K 33 

-22.5 V 3S 

0.200 jiF 37 

l.SO/iF .'Jfl 

4.03 x 10^ ai ! 41 



, L^ij! ^ fctll jj 26 19 

3.iexl(r 10 W/m* 21 

5.22 xlO 4 J 23 

3.16 xlfl-' W/m J B5 

40,1,80.2 j 120,3 H* 27 

r - 5.00 1 10.00 cm ( v) i* = ±10.0 m{\) 29 

a = 1, 1, 2. 3, . . i** i = 3,30 + (0.1050 4 UVk) m 31 

0=12.9 ; M .y mo = O.445m ( l } 33 

0.700 Hz 35 

i fj * H76 Hj , jF, = 188 H s ; iyijk'l <*jlL ^ 37 

; kit J^i a.] jj, i>uill L^S% s f s - 564 Uj 

f, = 470 il E , fj = 282 Hj , £ ■ 93.9 H a 

LOB'fli 39 

747 Hz j 581 t 415 b 249 < 83.0 ( I ) 41 

10.0 Hz 43 
17.9 mfei 16.2m/s 4S 

f = fivM f =/'(!) 47 

16.7 nto 49 

2881m 51 

0, = 4.00* .14,3 53 

f = $3,01 2.15)" C 55 

G0.4m 57 

37.fi m/a 59 

I,18mG(u}< -1.28 mCfij 1 

1.1G x 10 a ( V ) , 0.ififiN([j 3 

-JMltft gk t &BQH 5 

(/i = 2.62^Cjqi-4.4fi^f: 7 

. ijL^i ^u^ ? = 0.890 j£ 9 

5.17 pC 11 

-^iMui-LW-N'(l) 13 

+* *W J 0.906 N (y) 

-10.5 N 15 

i^v i Cl^C U>Jl -J\> j^ jjj| jldJl frb^Lf 60.S N 17 

, Jjll iii'i (* 

gjUJl ^ ^|jj| lL^ il^j] 30.0 N 19 

-75.0 C i* 1.50 J) 21 

26.4' ( 7.02 x 10 3 K 23 

7,WxlO"*C 25 



: JJ^ 
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*jjji)i fift <M JSUI M*j 



0182 A ( V ) l 16.5 n (i) 41 

0,0394 A j 0.158 4H 
9.60 V 45 

{ '4 ) t 0.0880 A (^) > 0,438 A (y) i 13 <^ 0) ^ 

h = -()MZA } h = 0.m t/i =0.300 SI 

-110 V ( M j t i a = 3.00 A j &=0.i /i - -3.00 ( I ) 53 

12.0 V (_») 

/j = 0.140 j 2| = 41.145 6 /i = O.O0GO 55 

6,53 Q 57 

11.3 V 59 
mV(^ ( 33,2kQ( v ).4().0V c ij 61 

15.5 A 63 

24 65 

100 W 67 

9.81 A 09 

0.800 Q 71 

e,7o v (^ 1 12.110 a ■( 1 ) n 
link* y^pt e^ ,v«< is 

Hfi.O j 4.00 ft 77 

BO&fl 7& 

USE W (jto ( 2.31 V ( y ) , 7.31 V ( 1 ) 81 

00525 -N 1 

4.G0N 3 

3.SQxlO^N(u); 0(1) 5 

3,53 iilA 7 

0,784 T 9 

jii*U 0.0976 N tv) r* jj-mH »U^ 0.219 N ( i ) 11 

-* jjaJJ JW.L, 4.80 x 10" u N (u) i fi ( 1 ) 13 

+A: J ^j|ji ) g4.80>;10" iC N^) 

938 T 15 

230x10-" N t _>); k? jiAlj 2,00 x 10"" N M 
« ^ m -30,0 ty'j Jt. xy jji*i j> 

V>'^s tjrf jfiSfi (v) i 2.SB x lfl- w T ( 1 j 19 

-^^mjUiL, 8,04 k 10"* T 21 

17.4 cm 28 
2.40 m 25 



57.3nF( V )t6.37al{}) « 
3;&xlff*ni? 4B 

3.00 47 
103 ^C(_>) lW»V<y)_. 1M/jF(I> 48 

20.0jjF( v ) i 220 pF (1) SI 
4.80 }£) 60.0^ i 4.44 ^C 53 

i 18 pC U+i J-J j lii *^ M ' 3 - m P* (. ' ) H 
, 3-jflV j 4.5 V (j* J4^Ji jji 

2.00 57 

2.70j<1O- ,1 Jj8.10x1C' 1j 59 

3,28 pC 01 

6.50xl0 7 m/s «J3 

l.SGJ 65 

-18,1100 V 67 

(js = $.00 pC t <ji - 3.00 jrC i Vf. = 3.00 V 69 

-1.62 x ID -16 J (*) i 9,00 V M • 3-60 gC ( i j 71 

+0.1620 iiJ ( j ) 

m$ 73 

6013 pC (w) i 100 V < i ) 7S 

^4,50*10^ 72O0C ( i) 1 

0.859i 3 

0S12x lO" 1 C & 

0.512 fiA 7 

0,400 A 8 

50,0 12 H 

0.480 A (y ; . 0.320 A ( i ) 13 

O.MOii 15 

0,334 fi 17 

4.55 A ( V }< MWft(l) 19 

0,G4OQ 21 

Z.OSxlO'^C 28 

270= 25 

144G(v)>0,M3A(ij 27 

2.33^ IO^ib* 29 

2.52 W 81 

6.25 * 10- J Wh M « 22.G U ( i } 33 

$4.90 35 

&.O0Q 37 

/ 1 = 0,900A j Ji = i50 i /^l.fiO W Ll,30fifi} 39 



» 
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ii»jin|tfj!Histijftj4<it] 



8MmR :t6 

5.67 V M , 3.54 V( V ) .0(1) 37 

10.4 mA SS 
0,160 J 41 
0,300 T 43 

10.8 mJ (^) , 5,72 mJ (wj l 14.4 J ( i ) 45 

8.31 mV 17 

O.GOOVfi) 4ft 

8.31 mV 51 

V- 4.52 sin 240 rfV 53 

11.8 mT 53 

0.201V 57 

24M( V ) i 10QV(i) 59 

120 V Gl 

108 V( V )< 4.80fl(l) 63 

0.857 V( V ) . 7,14x10^(1) 65 

500 V 67 

76.8Q 60 

1.67xlO fi Wb 71 

Lt = U + U 73 

3,190 s ( j) . 1.60 A A (u) ■ Uji39.Sa(i} 75 

319 mVs 77 

8J0MS 1 

45. S j/C (ij) t ^f - ( I ) 3 

1.36 A {■«)■! 30.0 /jC (->) i 22.0 a ( V ) s 20.0 a ( i ) 5 

$»=OJ<55fs 7 

1HY ft 

i 8S.4 W (u.) l Vj = 170 V j !&= 1 ,02 A ( I ) 11 

167 £ fr*4 

B4.S kcnl l 11-1 U III 

320 W 15 

120 W 17 

12,1 Bz 19 

32.0 Hz 21 

452 A .0.271 A 23 

66.5 mA 25 
3I8HZ H7 

10,000 <_>) i 1000 (y) 4 10 ( t j 29 

lS,i&(y) l LSlflf!) ;n 



0.430 T 27 

19.8eiii 2ft 

4.00 T S3 

1.53 xlfl s N 35 

3.24xl0 7 ra/a 37 

5.12 K lfl" sr kp 3ft 

2.00 cm 41 

. !#Ji\ 4jl« p *{& fitf j 1.00 X 10 fi T ( t ) 43 

lUHlxUrh'M 

11.9 A 45 

2;09mT 47 

4.47* lO" 3 T (VJ ,0(1) 49 

2.00 A 51 

i 1.92 N.m(_») ( 0( Y ) i 1.92N.ia(i) 53 

^ = 2.40N.mV), 1.S2Njh(j) 

0.0835 n 55 

0.200 a 57 

:Unxl(T i3 C 5ft 

20.6 cm ( v ) l 10.3 w { i j 61 

0.418613 63 

1.30 A 65 

2,51xl0- u Wb 1 

4.68 x 10 * Wb f^) i ^) i 5.40 x 10" 3 Wh ( I > i 

LSfxlO^Wb 5 

5.03 A mWb (4) i 2.51 A mWb (ui) 1 { f ) 7 

o.o2aav » 

L96V 11 

0111 ET 13 

6.40* 10 J V 15 

128mV( V ) i 2.56 mT(i) 17 

297 m 19 

Nbbv 81 

2.00 T 23 

3.77 V 25 

m a? 

2.40xl0"" 7 m 2ft 

1.44x10^Wh 31 



U4II 



WjiJI plijtfl i= 


,1 j jiU." i^j 




39,6 mH S3 


gj^lljiiJEttlJtfifl 


12(1 Hi (y> i 3fi,5mH(1) 35 


0.028 b 1 


4,79 A 37 


LOOm 8 


72,9V {yj i (!.S24A(I) 39 


2.40 aft s 


53111i 41 


60.0° (y) . 7OJ0' ( i ) 7 


2.83 W « 0.120 A 44 


43.0 Q , 36.0 » via a 


128 mil 0.0600 A 45 


= 20 11 


176 niH 47 


i^lLj i^i> ij^aJi < J = 3J5 mm ; i = 18,8 cm 13 


LtiHj!i.tt 49 


il&ut W»& JjwJl l 7 - €5,00 cm » i - -30,0 uii 15 


. ^Ift^. ipJi{ V ) > 69.0" ( 1 )' 51 


2,78 17 


194 W i 70.7 mH 63 


75.0 cm 19 


27,4 W 55 


JjLa* sj^aJl l p- 4/ 21 


1.17 mil ( V ) , 17.6 mF<l} 67 


p = 40.0 em 33 


1600 ti( V ) ( 79.GHe< 1 > 69 


1.67™ t*j i 1.15 om(y) i 6,600 en (1 ) 31 


25.3 pFj| 2.47 01 


. if J ]|i 1 Jp = 40.0cm(i) 27 


60.7iiiA(v)^11811z(i) M 


. fcjc>Jl & jVilj LjiJJJj ; 1i (y) 


8,84 $ (y) * ISO V { i ) 66 


m _ 0.400 j p = 30.0 cm 29 


0,960 Hi 182 £1 AT 


M = 0.0303 


&i >]lj ^BJI >II 


A - 4S3 mil (v) < 3.21 X 10 s m/s ( I ) 33 


6.00x10* Li 1 


ffcSMxlO'*!b.(Jrt 


05G m ji iyy 3 


18.7 u k) i 6041IM1 . 1.92 k 10 s iWs(l) 3S 


5,45x10" Hi S 


fls = 48.«°-ffi w i 0j=28.4 o (-lj 87 


75.0 km 7 


A6 = 0.591° 39 


6.57 m (y) ■ 45,7 Nk ( i ) 9 


37.1 r 41 


0.4580 pF 11 



LHixlD'mfo 

3,20 ui 

33.S" ( V ) « 24.4= ( i ) 

46,0° 

S9.7 q ( V ) i 40.5 D ( ; ) 

8.00 cm (u). 1.33 cm(i) 

5.10 cm (-*) t 3.00 cm (u) ( 1,80 cm < i } 

2.02 cm 0-) < 2.96 cm ( i > 

. L^Jliji ijSe5> SjjrfJl (v) L P - tf ( ■ ) 

M = 0.S8S*u:--444cia(i) 
yijj.M LjjL i ijjJI . / = 1.05 cm ( i s -11,5 em 



4-1 
45 
•17 
49 
51 
63 
55 
57 
59 
«1 
63 
iif, 
« 

69 



. ^ iuvj ji£tl ^ <y) » 8.50 V/lD ( I ) 13 

. U# u*Ji p (v) i 5.33pT(i) IS 

3.00xlO*V/m 17 

>fl = 2.67xlG t2 co&(6.QQ*lC 1 ' , f)Ti 19 
A = 00314 m l f-[).55GHa 

&»243xl0"*T i Eo-729V/m 23 

Bo b 3J5 x 10 s X ( &.- 1005 V/tm IS 

£ = 0.49 x KT* 3in(H.80 x 10 fi {) V/iii 27 
N-1.83xlO%ii(S,80*10^n\ 

( 3,59xKr l Ww/m s (l) 29 
Ba = 1.73 x 1 ft -11 T t Eo = 0.20 V/m ( v ) 

(J,:jfjKWfm ! 31 

48,6 W 33 

4330 m 35 
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fyjiflitfjfiatfjjui*^! 



jjjpioJlj i^uliJl JjaiJI 



3,75 ram I 

34,Scm 3 

BO.Ouni 5 

19.G€diJ|S0.7;h 7 

840 cm 9 

, i^gt^cnan n 

0,170 em (^) t 7.00 cm ( I > 15 

lffi IS 

/= 6.25 em 17 

3,125 19 

3,81 an 23 

M = 113 25 

M = 12,5( V ) t p»'sM»0en.tl) 27 

ff#-20.0 29 

ff* - 11.0 31 

H, = 24.0 33 

20 £ J 36 

«Jj 1.60 37 

Aj-tnUS- 39 

D-40.9°( V ) . n = 40T (1) 45 

/"= -37.5 cm (v) - j 01 -* ( . i 3 47 

26 = 2.47^ 49 

I#fi=6.25 i ft=S5»0ri(jj 51 

. Hjjjuji LjjJj ijjjJl ; ?a*}\ *'J in = -G0.0 cm 511 

U - 1.33 

E JLi jW'1 pAjil JM 1 

0,700 mfo |1.7&n& 3 

4.00 iii/b (u) ( 1.20 mk ( 1 ) B 

0.962c 7 

jj^iji j ij^j 32.2 ^) . U^iJi j* lA^ 67 ( I } 9 

0,943b 11 

, L^ 2.20x10- ( V)i l^960{i> 13 

2;92xl(r*!S 15 

6.05 in 17 

1.58 m 10 

2.05 * 10 T g ( v) , 3,77 x 10 7 fi < 1 ) 21 



U&u 



267 cro (v) > l'*l ™ ( I j 71 

53.3 cm 73 

W*f 75 

4Ji2> yiflW SjjJtj i sljil r Ui 200 cm 77 



gj^gJIj ^jIjJI Jaftjl 



-180mj 120 : * = -G0.{), fi) l 
-ISO cm ,-90 . *=-B0.Q M 

10.0 a 3 

A = 15,0 /)i cm 5 

MOOi 7 

(h-1.72°( v ) < 0s = l.O3 a (i) 9 

4,50 m (yj ;3.0QiD(i) 11 

3.13 th IS 

1.51m 15 

>-> = 1,80 mm. 17 

86,5 nm 19 

fj/slJBfl 21 

■1.26 *un 23 

fcgmjttJ 25 

3,52 /mi (v) i^lC">(l) 27 

17Snm 29 

401 nm 31 

77,6* ( V ) ( 1.91 itta ( I ) 33 

941* M i 3.97 n ( i ) 35 

2flT 37 

47.6 } 29,5 r ( 14.3 s 39 

0.255* 41 

5,39 mm 43 

I.UIImm 45 

E.60xKr*m 47 

/ = 0,413/(i 49 

Jo = 1-70/ 51 

to=8MT 58 

tot Sjf = sink SB 

W 2 - 3i,7 c 57 

i ) r^j ^ Li" (^j ( 448 nm ( i ) 59 

885 nm j 590 t 295 { I ) 61 

GGC nm j 114 i 222 (y) 

6.56 (m 63 
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i^/JI>0jVlc-liJiLJ1^L*1 



n = 4,77x]0%w 




5.00 (1- 4.25 x 10 1f, )m 23 


yi-o,OQ36Sc ( yi- 0.00729 


9 


0.999 c 25 


8.40 eV j 13.8 


11 


0.328c (ui) . 0.0342c ( 1 ) 27 


T**.lMxW*m < ri=2,65xl0' u m 


13 


0.9938c 29 


n = 6.71xlC'% M i - S4.& tV ( 1 ) 


16 


l,2Qxlo'% M i 9.{)0xW B J(.t) 31 


122 eV ( V ) . -13.6 «Yj -20.6 t -122(1) 


17 


. iiutfi fa V li* * S.SSssio-^J 38 


1646 eV 


13 


2.53 eV (_;.) « 1.30 eV ( v j . 2.48 x 10 fl *V ( 1 ) 35 


Airfta* 1.002 


21 


124 *V | j ) 


Aj = 1S7G iitii j Av = S20 niu 


23 


, »tji*H li^ (^j) i 3,17 x 1Q 1 nm ( i ) 37 


'im flV 


16 


4.67xlO % m 39 


97.2 am 1 102 i 122 : ^ U- 


27 


2,B7eV 41 


4Hfinm jHftli ;.JL iLiL 




^ ■"■;!! jjj (yj , 262 am ( i ) 43 


1875 lull : (>ilj iJLL 




7.16 x 10 s iWfl 4B 


24.3 nm j 25.fi < 30,4 


29 


# - 6.13 x 10 u Hz (wj ; $ = 2,97 aV ( 1 ) 47 


3.^2 eV 


31 


i l,Wxl[) ls H?..( V ) i A •= 163 nm { i j 49 


93 8 nm j 94,7 . M.9 j 102 il22 : $4 iLi* 


33 


W 


410 wm j 434 ^ 486 i 656 : jlL ILL 




2.73 x lir" Nj (v) * 1-38 x lfl W W.a ( i ) 51 


2627 i 4060 j 1098 nm j 12M i IBS!) ^L iLL 




3.22xl0*m/fi 53 


7470 nmj 




1,17 x 10* kg.in/s (uj . 0.80243 urn ( i ) 55 


SO (uj) i 18.{ I ) 


35 


3,54x10'% 57 


! « 0, 1, V aw 


37 


1,24x10%! 59 


6,3 


39 


419 raV 61 


50 („>) . 32 ( V ) ; 18 ( i ) 


41 


17S37*C(v) ■ 623iiiu(i) 63 


9 


43 


0.353 am j 0.630 ( 1.06(f) 65 


6.74 pm 


49 


12,1 eV j 5,37 < 1.34 (y) 


0,0226 rot) (w) » 45,3 eV^) 


SI 


a.07xi0" B TE 67 


0.0786 unify) i 0.0184 nm f i ) 


53 


Q.S69eVt 5,74X10"* J 69 


i-=0495'uja i iE-3142eV 


55 


0.117 bV 71 


8.58 cm 


57 


1.09 X 10" Wa ( V ) . 9,95 x 10"® kg f i ) 73 


2.54 ^ 10 TJ| 


59 


Ai 1 = 416 ke V c ty - 1 .06 x lfl" 5 * kjr.m/s 76 


« = 4 J! n = 7 ,> Jlitlll ( i ) 


til 


a^oxio" T ev 77 


ft - 4 Jj n = 1 ,>( v ) 




9410 n 


. 72.5 l 193 v>-jli Jljtil L^« dlft *3B ^fct ^jJj 


& 


1.46*10* s(vM 2.05 xlO e K(l) 81 


.^jjSL^j^l^j^^^J^i^jjlj.jiffln < 38.6 




2,10xl0 6 m/s^j) . 3.07 k 10' V (_>) 

Q.lBSc 83 


jj jiuJli jjliJ' Jtdill 


1 


gj^lJlj >jUI j^fliJI 


p = 2.2-9 x 10 i7 kgV ( j ) 




125 m 1 


a C,n 


3 


4.74 x 10" 14 rn (uj) t 3,27 x 10" 2S kg ( i ] 3 


27 P yjl1 


5 


2.82 x lir 1 * to 5 


191m 


7 


i n = 2.12 x HI" 12 niiiri- 5.30 x 10" 11 nm 7 



, 
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ij^iiijtoi9UjfUity*| 



<JUU 2.64 x 10" 1 45 

230.03321 u 47 

•jUpJl a> 3IL j* 0.080 MflV 49 

3,00 MeV l*j|ji, «> iiU= JgSjjjil R&* i H SI 

2.G4 MeV iijilluWl 63 

l,b3xl0 11 C u (v) ;S,7Gxl0 14 J(i) 55 

j 218 r> j^ , 222 o^ij i 2W fj^lj » 230 fKl5 J 57 

2M ^U 



1,63 x iO _1 V («} i fl&fifflPi.{l 



59 



0,243 ^ 63 

1038 Gy 65 

2,50xl0 4 yr 87 

47.5 yr 69 

$1911 ( V ) :B.iil>xlO in J(i) 71 

2Mig 73 

U - U.H9 x 10 fi ui/s . U = 75 

18.4 MeV t 4,03 M»V 15 



0.452 m 9 

149 a 11 

11,0 cm ia 

39,1 kg/mol 15 

25 *U: 0.700% ( ™U:99.3% 17 

. UUL 0,945 19 

. Itf J^ 7.G8 MeV 31 

10.64 MeV 23 

302.40 MeV j S74.B1 MeV 25 

. itgMl J Li 42,4 27 

Sly 1.41 x 10 J ( V ) i S.61 « 10"* 6 _i ( I > 29 

. iLiJi^o^ 1.01x10 s 31 

176 pCi 33 

LOOh 35 

fiiSh 37 

1.24 x 10 1 bq 39 

144 .jj*jj_^ i 1 fj^l* » 233 fji*ljji ^1 

223 p j*&iljj t 209 *>*> 43 
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Mathematical Form 














l-'fiiriflifvn 




■ 




Limiting Precision 




Li* ii>tu 




^^■M 


^ 




Precise 




iwJu _ Wi 










Scientific Sfsthod 




yUl^yUl 










Inaccurate 




itfM 










Reproducible 
Reproducibility 

Law of Sines 




















Law of Cosines 




>Im)i v^ oy^ 






Physical Law 




Jk'tf ur^ 






Quantitative Law 




yr^^ 3 






Candela 




ALjA)i9 i ^'S 




■ 


Essential Quantity 
Scalar Quantity 
Vector Quantity 












JjSfl >iJ! 




Diniensionlm 




**■»* 


Dimensions 


j(J 


Basic Principle 




^Uflij. 


Displacement 


Hi 


Vfietnr 




Cfi. 


Resultant Displacement 


iLuw i*U 


Coraprinsnt 




ijSj, 


Experimentation 


Vi^ 


Itec-tangular Component 




iJiiUi* Sr£j4 


Quadratic Proportionality 


t/iWj 3 v^ 


Quadratic. Aquation 


( H^li 1 ! i*j. 


Jl ^ ) LjLUy JLLm 


Inwse Quadratic Proportionality 


j-i* jM^ V-^ 


Linear Equaium 


( jji\ i^jjJl o ) *&■ 3JjU- 


I jiwar Proportionality 


{ jjjt ) ^jLi- y^Ly 


Conversion Fscftir 




Jy>j JiLy 


Inverse Proportionality 


—lip UWUJ 


Speed 


Uj-ll, 


jljL ^ itfj*J| ^ 


Limit of Precision 


UrLdJl X* 


Magnitude 




jlji-i 


Property 


L>>j 


Iutmniational System of Unibi 


! (SI) 


lJi*jU if iW : ^LLJl 


Error 


Iki 


TLeury 




k^ 


Statistical lirror 


^U*jiki 


Units 






Systematic Error 


ijf&k* 


Derived SI Units 




ami si *u*jfi 


Random Error 


Jl^ly* 


JUI 


>JI 




Function 
Trigonometric Function 




Collision 




A-lLflJ 


NAgTflB 


^J J 


Head -On Collision 




■JjXwl -jLjJ 


Accuracy 


OJ 


Deceleration 


( 


viu «1** } jrftto 


Vector Diagram 


>^t**ll jjl« pj 


Oiif-D) i iiviJ-S; icjiial Motion 


( 4^ 


j i*ij i*, ji y^ 


Significant Digit 


$y*fa 


Two- Dimensional Motion 


( Ly-u j ^iy j l£j> 


Integrated Chip 


il*liu jifjJ iijij 


Dynamics 




i^m 


Radian tllad) 


(Rad} i^U ^ igQ 


Ban of Might 




^Ij^LJi ^jj 


Causality 


t... ,ii 


Projectile Motion 




JjjL iij> 


Velocity 


"r 


Instantaneous Velocity 




IjW SUy 


siur ( jhfl r ** J IW fc*j ) ^ 


Average Velocity 




UJ^jTu tij^J 


Luminous Intensity 


uJLiti Ml 



k 
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luLJl ubJiull i*jJ 



Maas 


IW 


Itelative Velocity 


\>.t| ti WjMl 


Rast Masa 


~^£J\ *W ( jjiU' "*h£ 


Pice Fall 


j*tjL 


Friclionless 


jJllL^'l «iS > ^i'lil>l ^ 


Awclui'lllioJl 


( , ,U ;, iU£ 


Principle of Inertia 


Jlill j^aiJI Iju 


Acceleration due to Gravity 


0..3I3J 1 Hlffi 


Fiee-Body Diagram 


^i *-*j] ^lji ua>ii 


Negative Accelsration 


(ur$ ) iJL il>* 


Incline 


JjU J_p-* 


Uniform Acceleration 


ulii^ *i** 


roattieient of Friction 


din*^i J*U 


Kinematics 


l^L^iJl 


-Static Coefficient of Friction 


jAiIijIi ^JtiWfl ^L« 


Average Speed 


ICjJl Jjiij Liu 


Kinetic Coefficient of Friction 


^j»Ji dlii*^l JjIju 


Range 


*M 


Liiifiir Aackrution 


j^Jf 


Projectile Trajectory 


jjiiil jLn 


RelativisLic 


•J.i, j - J 


'trajectory Equation 


jLJi UjIai 


Thftorynf Rfllativity 


^jji jjjfci 


Projectile 


JjJJU 


Weight 


Eli) 


Tangent 


^Lj 


Apparent Weight 


L$J*Ui ijjj 


Slope 


> 


$\J\ j*Ji 


diiuri 


JrfOJI 


Equilibrions 


jjljj ■ j 1 ^ 1 


Friction 


aI1&.i 


Static Equilibrium 


^lU ( (jjljj ) tfjjj 


Static Friction 


^U iJl^i 


Line of Force 


jiaJI j^l> 


Slidiiig Friction 


J*i-y\ !Mfr\ 


Lever Arm 


iiilj. r l sip 


Dynamic Friction 


ApXui J1H*I 


Moment Anu 


r >!l ^ 


Atiind's Machine 


■ijyll *JI 


Lew 


Wtj 


Weightlessnew 


tijJJ f |j *i 


Ferenective View 


J LEU* - C 1 !'+^ JLJ J-^" 1 ' 


Pulley 


5i 


Net Torque 


^IjjJI f j* jiL 


Compression 


LluJI . IiaUv 


Moment 


r> 


Gravity 


M* 


Torque 


u 1 ;^ 1 r> 


Gravitation 


i^jl* . i_>i» 


Mamfintnf The Force 


V fj* 


Free Body 


/>.p* 


Tangential force 


a^cL itj 


Reaction 


Jjj J; 


Aids of Rotation 


OljjJl j^ 


Angle of Repose 


^jiJ< ^j 


Center of Gravity 


jisiijij, 


Spring 


4*J 






Net Force 


dkJI ( IUm ) iilLr 


^yJjUJl 


>tf! 


MflHSlfMS 


&UI Uj4 


Erg 


( OIL oi>j j -j[ 


Action 


*H 


Eiecronvoit [eV> 


( utL ii>j ) IJjs ojiySli 


Inertia 


j^ 1 Jj^ 1 


Simple Machine 


jL. ,. Jjjl 


Action-Reaction Law 


JJI Jj J**)l ijjJ(J 


Nuclear Fusiun 


Jjr ^ l 


Newton's Laws of Motkm 


(i^*JJ ^jj#J ^iljJ 


Nnclnar Fission 


ji4J _jLk-iJl 


Forca 




Conservation of Energy 


IiWl(JsA>ji)»^ 


friction Force 


3^1i*i iy 1 JliL*i ijt 


Pulley System 


»jk 


Reaction Force 


J**J' Jj Sii 


Gravitational 


rfV'^ 


Normal Force 


ijjj**. jy 


Pftrpotual OscillaLiun 


*Jb yjfjj 


Action Force 


JiJliy 


Elementary Particle 


Jj 1 ?*** 


liimitinff Value 


4j j. <jj 



. 
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iwWI oUM UIJ 



Center of Mast 


iliilljSjj 


Joule (J) 




( Olb &i*j ) Jj? 


OeOfflflteic Center 


rf^A 1 


Loud 




J+» 


Reference Leval 


( .j^jt } jll#l jjl** 


Work Output 




jun^h 


Hate 


JJA< 


Power Quip Ut 




SjjU' £> 


Work-Energy Theorem 


SIM; JiiJ^ ^ 


Perpetual 




jijl i pb 


Extended Work-Energy Theorem ^' EWlj J^ 1 H^ 


Work input 




JiJJ">J 


Apogee ( y*^ 1 6« to W ) #* M 


Power input 




i)*l J*» 


Perigee ( i>jJ 


^j ilui Ljji' ) jiu-ijJI *!>" 


Work 






Watt 


( iji bt-j ) JpIj 


Energy 
Binding Energy 




4JU9 


jjjUl J^ill 


potential Energy 




j^il oli 


Scftttwing 


,jAjj . B ■LcCU'l 


Gravitational Potential Energy (GPE) 


Ballistic. I'endulmn 


^i* Jj^ 




(^jll 


351b ) J,m j*?JI **& 


Inelastic Collision 


^jjfcfdU 


Elastic Potential Energy 




jii if*Jl » 


Elastic Collision 


fijl pjLa! 


Thermal Energy 




Ojl^ iilL 


Impulse 

Jet Propulsiun 


& if* 


Kinetic Energy 
Mass Energy 






Recoil Velocity 


jliijlll Uj-i 


Electrical Energy 




*ji v u ^ lilt 


Pressure 


ui 


Chemical Energy 




li/±uS 4JI1j 


Wavelength 


I* .11 Jji ( j>jll JjUi 


Mediankal Fnarfry 




3_.<iiitij till 


Oomptun Effect 


ijjlijS ( jiJb ) « Jli 


Nudum' Energy 




4^iy *1» 


Fhotnfilectric Effect 


Ljl^jjfiJl tjA&ll 


Wheel Ajid Axle 




4L*J| jj**j il^J 1 


Law of Conservation of Linear Momentum 


Mechanical Advantage 




i^^Jilll 




^kiJI djihSll **4 >Bf fcjW 


Actual Mechanical Advantage (AMA) 


Momentum 


jUjtl <^ 






^JuOJI ijiiJliJI SiUJI 


linear Momentum 


JAM iJj*jJl V* 


Ideal Mechanical Advantage (IMA) ijbll ^LSJ I Milll 


Bosket Engine 


^L Jy« 


M after- Antimatter Annihilation 


SjUI Jjiij wUI tLil 






Conservation Law 




( ii^- ) 'Uj yyij 


*WI 


J*tf! 


Law of Conservation of Energy 


SittJl *%t .jytt 


Angular Displacement 


^j^! 


Power 




Bjj 


Event Horizon 


AJ*H Jll 


Horsepower (Hp) 




r 4ilL B-i>t ) tiJi-i* ; :^' 


Curvature 


»Lw' 


Power Eating 




( Vji-^ ) "J* *J J 


Satellite 


tfrii*'^' a*/^ 


Foot Pound (Ft -(h) 




( iilt Si^j ) juj^j 1 *■»! 


Gravitational Constant 


i+iJUJl &fi 


Nwnnnaervation Force 


( iJ;Ue>i j*i ) ^b* & »}* 


Black Hole 


jj-i j! 


Conservation Force 




^ i^lil,! j tfijbo (J 


Orbital Motion 


Ljijrf iij» 


Elastic Force 




•vM 


Gwilawea 


( l,jiLj J ijrfJ j*> J»jJ»* 


FoiuL Mass 






Great Circle 


jiLJl IjlliW 


Efficiency 




Decree {!>£) 


( Si *J ) ***> 


Kilowatt (Kw) 




( 3jj ii>j ) J»l) jy 


Period 


jjjjl ^1 1 5jJ 


Kilowatt-Hour (Kwb} 


( 


yii s**j ) uL . JjIj JjS 


Revolution (Kb?) 


(Hev) i^J 


'Pivot 






Orbital Time 


JjIj* 0*] 


Fulcrum 




jfcfltjl L03 . £,1 
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j, .i.i i oLhfluii <iiis 



QuuiiLum MuditmiiitH 


& S+,iSm 


Miliar Velocity 


S)lj **/» 


Radius of Gyration 


ujj^l jja5 Lhtj 


Tangential Velocity 


Cbly it' u 


ParalM-Am Thanrem 


jjljll jj*Jl "tyfc 


Angular Acceleration 


^j'j ^M 






Tangential AcealeratLois 


L.U* ii^s 


p\j}\ 


J*iH 


Radial Acceleration 


^jjiS J^u 3J** 


Stress 


*W 


Plant 


- ^ 


Compressions] SLress 


(inpLw ) jkJLw jLf>J 


Planetary 


^ 


longitudinal Ktraaa 


Jj^A^l 


Tangential Quantity 


■L^jLu <Lui 


Shear Stress 


( j-i j orf Jl^[ 


Universal Law of Gravitation 


.ui i^jlji ^ii 


Elongation 


iHfcU 


Attractive Furue 


LwJL»J iji 


Turbulence 


i il Ja«il 


Centripetal Force 


Ij^j *jj1> jy 


Flow 


JJJ l J3-JJ : ljIa^ 


Centrifugal Force 


LjUji ijjL* ijiS 


laminar Flow 


Jjr ( JlJJ ) vW 


Orbit 


Jj.jii. 


Turbulent Flow 


s-J-ipL-BJ | jJil J ul^Jtfl 


Angular Distance 


3-tj.lj iiLi 


Bulk Compressibility 


J "^^ ^JD-ULul 


Tangential 


U*W 


Strain 


JUiil 


Oavendich Balauie 


jkjjjls i)ly 


Tensile Strain 


■uJLiJl 


Mguji 


( J>^ jJ*J (*** ) ty* 


Shear Strain 


j^S Jlwul 


Neutrino 


jj*i j*JJ ji*** ) ji^jji 


Bar 


( Lu ii>j ) j'j 






Manometer 


( JjaJIJttiJl^'jjLp) ijL 


0*011 jjill 


Pascal (Fa) 


{ Jjuw 5j*j ) Pa JLLjL 


Elliptical ( jaW ^lii Jii jk ) jjji; i j>J>! 


Poise (P) 


( i>jj) fa»j ) }I^ 


Quantization 


<,u£ 


Poiseuilla (Pi) 


( vt$ ii>j ) Ji}k 


Quantized 


( ^1 ^IJ g*B ) ilAi 


Distortion 


•ffi 


Planck's Constant {h) 


(h) J;^ i^B 


Tore 


( kU Bi»j ) jji 


Gyroscope 


V/-3J* 


Rigid 


L_lLs L fj-li* 


Packet 


4j "^> I UUl 


Amorphous Solid 


( Jj^ # ) ^jr' J * L ^ 


Transnational Kinetic Energy 


LJiilil i5 j. iiLL 


Crystalline Solid 


Jj_jL«^ 


Rotational Kinetic Energy 


Ljljjj iijj. 4ilL 


Velocity frnfilfl 


UjJl VfiL> 


Hoop 


yi , jf 


Rigidity 


il'lU L liUf . hLljf 


Moment of Inertia 


^ljjlj^l r > 


Elastic Limit 


Jyjl *k*JI 1 i^jll J* 


R%ht Hand Rule 


^ij^ijpa 


Flow Line 


( jijG ) ylj-kil i» 


Iwiw of Conservation of Angular Momentum 


Oficilhtiim 


i^ifj 




jyjjl d^l l«i ilif jyli 


Terminal of Shear 


i^l^ylj 


Uated Fkiwar 


«lJb 1 i;J3 


Terminal Velocity 


i^lfi&j- 


Transnational Inertia 


jlilil jlti j^sJ 


Cantipoise (dp) 


( **$ '*} ) 3 1 * ^ 


Rotational Inertia 


ifJ^J Ll^ 1 J*" 5 


IVfififiiir* Diffiaptinha] 


yJti r.iJ: 


Ellipse 


i^jidLi jllJ 


Absolut* Pressure 


jliu iiijj 


Quantum ( *i%Jll ^ "*j>*l ) ^ 


Buuyancy 


yt 


RuLatiunal Momentum 


jiijjJi ^i v*i' 


Reynold's Number 


jj^j J# 


AiiRulur Momentum 


jjljll J>»JI vi 


Incomprefisihla 


LlUi^J JjB ^i 


Quark 


W 


Poiseuille's Las 


Jijl* fijfll 


Spin 


ij> 



1 
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;..i.n.-.i..!Ljia. i ,i; 




Gas Constant 


o'jUJI vltflj 


Stock's Law 


iJ^J" VlP* 


Moot Mean Square (ring) Speed 
Gajj Tight 

MuaL Probable Kpcrd 




Scaling Law 
Hooked Law 

Shear 


iljJItyjU 


Average Velocity 
Absolute Zero 


jikll/Jl 


Buoyant Force 
Shear Force 




Barometric Pressure 


J! JU J | U AJU 


Retarding Force 


( Uju j tkili s ji 


Avogadro's Number 


jijjLrjil jj 


Drag Force 


Ul^JI -LijiiLi Ejii 


Real Cay 
Ideal Gas 




Density 
Incomprwsibility 


IMS 


Gay ■ LuE&ac's Law 


dUj). jl^o^lJ 


Viscosity 


M 


Chorlc's Low 


JjLi 6ji3 


Macroscopic 


^ [ ^3%^ 


ZeroLh Law of Thermodynamics 




Manunider 


( ii'iUJ 1 Lu ; yl^s \L^ ) jjjvti 


1 

IdflflU.rgf Low 




Fluid 

Arshimede'fl Principle 




Molecular Maes 


^jtf'ttSI 


Gauge freesure 


...1 i.i 11 ai.jt- JlJJj 


Atomic Mass 


i^JMl 


Elasticity 


ijj* 


Kilumults (Kind! 


Jy# 


Frontal Area 


^U J>U« 


Cilsuis Scale 


y*jO^ t^ 


Bernoulli's Equation 


Jyy ^Jl« 


Fahrflfiheit Swls 


^Fj+V^ 


Elastic Modulus 


i^l J*Lu 


Centigrade Scale 


jjidl uJ^ttl 


Hulk Modulus 


ilAJjJI O^ JI JjUu 


Kelvin Scale 


( jillll ^1^1 } ylK jal^l 


Shear Modulus 


jrfj! JtLu i Lm)I iij Jl J* In 


Absolute Scale 


jlkll^ljill 


Drag Coefficient 


ll^fjl t*lL*J JjIju 


Mole (mull 


( ** l J Sj* } J|« 


Youn^'a Modulus 


^Jd J* 1 ** 


KinMMThBoiyofGMM 


£>JjUU tfj*J' ijjikJ 


Flow Rats 


_.^J*j| Jjuu 


jfo JJUJI J^wJI 


Sedimentation Rate 
Shear Rate 




Enusrivity 


*^Uyj L ^Vwl 


Ultimate Strength 


( JjjsaJI ) UlfJI itjlill 


Radiation 


(U 


Prmure Gautfe 


liii ^wU 


Abeorptivity 


-1 j i~j ! — -i ' i a 1 


MillippnsGiiillH Cmpl) 


( i^jjj L>j ) J^lj; Jl^l 


Heat Transfer 


lJjlj> Jiliji i IjljsJf JLlmI 


Microscopic 


^JH- l ^J^JlAh 


Fusion 


jL-fyV^ 


Torrieelli's Theorem 


^jjJ^jfc 


Saturated Vapour 




Wind Cliaunel 


^J j* 1 


Evaporation 


J ll.Ji^ ( ■ 1L_i " 


Yield Point 


[ p^Lu-,^1 ) fwwiJl y=i' 


Vaproization 


j*V 


Breaking Point 


iu£3l JUsii 


Temperature Gradient 
fti]hlimaf.ion 
Change of Phase 




Specific Gravity 




Thermal Expansion 


L$jlj»jud 


Thermal Equilibrium 


J; 1 ^ u 1 ?! 


Thermal Conduction 
CunvecLiun Current 




Thermocouple 
Mawell Distribution 




Stefan -Rnltzmann Constant 


jU^-u^ auli 


MiziLUim'b Constant 


L ,Uj|lJ^ LLL>tj 
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LuJjJI ubJkill ij&$ 



Triple Point 


ijttlJiUuJI 


Mafik Body 


,!l*J i«\> 


Freezing Point 


i*>DI iniu 


Heatot'Fulion 


jLj-n^l }jlj* 


Thermal Unit 


Vj* il? J 


Heat of Vaporization 


J" ■ J J 


British Thermal Unit (Btu) {y ,£j ) ^^ %!>* k*j 


HeaLuf Sublimation 


j+LlLiI ijlj* 






Latent HeaL 


*«Jill JjljpJ! 


>i* jjtfjl JrfiJI 


Specific Heat 


\i*y 1 )lj> 


Heat Rng\fie 


{ jjij> ■iij** ) <ob* ^ 


Thermal Mntinn 


*o'^^ 


Entropy 


ktPi 


Convection 


J** 


Isotherm 


( ,/jVJ >*** > pW 


Bund 


*M* 


Free Expansion 


1* JJjj 


Chemical Bond 


iuLuiS -Usui , 


State Fundi™ 


luuu 


Phase Diagram 


j»m &•# r*> 


Thermodynamic Cycle 


Lik> LiuLj ijjj 


Calorie (calj 


j** 


Thermodynamk State 


"^ly s&*^j 5Jlj- 


Food Calorie 


j 11 **/- 


Molar Specific Heat 


( iu^ Jl ) 4^1 ~<ity}\ Sjlj*Ji 


Heat Capacity 


^ ; |J. u. 


Heal Reservoir 


Jj'j> j'jr> 


Specific Heat Capacity 


i^j^l <^jU>JI U-Jl 


PV Diagram 


PV^ rj 


Vapour Pressure 


jLii(11 JsaJ 


Process 


il 1 .^ 


Saturated Pressure 


" , ' Lju 


Adinbatic Process 


y^ y+* 


RadiSltt Fnnrgy 


J^rffti) jj, 


Iwbaric Process 


.; J^Lkll 41Lj L3 ;, '-ij-<f*i W^ 1 


Vibrational Energy 


L^l iiLla 


Isothermal PruceSS ( 


*,IjsJi i* J iiU ) i^tpjHP 4^ 


Thermal Motion 


Vj* y[fc 


Fftocihonc PfoefiBH 




Insulator 


Jjj: 


Throttling' PrwMif 


jijJLf JwLAJl JlJljJ ij*i 


Monatoimc Cas 


ijill JjL*i jti 


Isovduiaetrie ProceaB 


i^tJI <^U ty>t 


DMeak Gw 


^i^;Li 


Firat Law of The rincdyn amies 


Stefan's Law 


g 1 ^ 1 i>yy 




i^ljjJl bL^LLjJ JjVl ^1211 


Calumctiy 


( ijjiLujJlill ) ij'jwl 3^*5 ^Lj 


Slate Variables 


iJUJl ^IjlJLii 


R-Vulue 


Rfcrfll 



Thermodynamic System j_,lj> j^^J t ^ 

Equipartition Theorem jjLsil Mu&ll v>& 



Surroundings 

Peak Width 
Probability 
Exacted Deviation 
Reversible 
Macroscopic State 
Microscopic State 
Heat uf Combustion 
Refrigeration Cycle 
Throttling Valve 
Heat Exhaust 
Disorder 



i**Jik,jJl 



JUL>I i <JUL>I 
( LIS ) iiSjjS^j ill* 



Caloric { rfjij-II JM1 ) ^Jii" 

Kilnfialoriy(ktal) ij$ **)*"■!$ 

Calorimeter j*-" 

Volume EspanRi™ Ctteftjcient j^^ 1 JA ^' J'^ 

Cosffidcnt of Volume Thermal Expansion 

Cnfifficient t>f Linear Thcnnal EspflOQSKP 

Linear lispaniitin Coefficienl 
Thermfll Resistance 
Mechanical Eq uivalcnt of 1 leat 
Fusion Curve 
Vaporization Curve 
Sublimot-ion Curve 
Conductor 



Thermal Conductivity 



jjDl j^lII jjLu 
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^yicUUli^li 




Wave Trough 


i^jit cl» i j^-jj fli 


Second law of Thcrinodync 


unics 


Stiffness 


LrtH ' ^ 




tyj>Jl l^lLiJ j^Ull ^tili 


Principle of Superposition 


^IjlJl liL, 


Efficiency 


5*tti 


In Phtwe 


( J^l d* ) Jj^ 


Maximum Efflcie nry 


jjjil* itliill 


Out of Phage 


jjiJl ojlilj 


Tail Pipe 


C ^U£i ) t_u-J l ejj-iiU 


Wave 


^H 


Evaporator 


j^ii 


Coropreasional Wave 


H Inrl a 1 Jt^ u 


Steam Engine 


jjl^ JjAj 


Resonance Wave 


4-iiU i 4»i* 


Heat Engine 


^lj> jjj* 


Longitudinal Wave 


Mjfc **<>• 


Camot Engine 


jJjtfSljN 


Transverse Waive 


t&y&M U*y 


Heat Pump 


i^)lj> tkij 


.Standing Wave 


( ■iiffit i 3£wu 4-**M 


Coefficient of Performance (CO?) *\/i\ J*Lu 


Vibrator 


i*4* 


Order 


.IL 


Pulse 


iw 


Refrigeration System 


*jj ( i 1 ^ j 1 ) r 1 ^ 


Herts (Ha) 




Vibration 


IjJIJrfl 


Frequency foaponss 


i^JJ^i ^Ui/I 


Forced Vibration 


JjrJ jjlji*! 


M (B) 


( Lju JJjj ) Jj 


Damped Vibration 


( J*i^ ) JjUlt jlj**l 


RilR'fllLiilJII 


J^L*i 


An ti node 


tu^pKb 


Interference. 


>.ta 


Frequency 


JJ J 


Construct™ Interference 


^>i^ 


Fundamental Frequency 


^U Aljl 


Destructive lnterfKWl» 


jiiAjj-lj; 


Resonance Frequency 


irfi JJ i ' J*^ JJ ^' 


Beat Frequency 


Jj ; J tad) 1 J J J 


Harmonic 


uily 


Wsvefreut 


Ljljj tfi* : if* u <+l> 


Spring ConaLttiiL 


J^}]| ejl) 


Loudness 


*M 


Fora Constant 


ijlJl CyL' 


Sound Pitch 


£ij*JI i*j; 


Critically Damped 


( J*»iuJ ! ) il*Ull r_j* 


Sonic, [loom 


iJJii' j^-L* jlji^l Jj J 


Simple Harmonic Motion i 


SHM) iij_d ^iily ^iiV 


DecibcHdb) 


( 4jji_j Si>j ) J#JiJ 


Sinusoidal Motion 


W ^V* 


Diaphragm 


»Lai i jj 


Periodic Motion 


k& ^J* 


Frequency Shift 


j will 4>j>j ) ij^J / *>j*j 


Wavfi Motion 


Lj^_j* i^j* 


Siiperflonic Speed 


<OJ juJ Jj) i£j* 


lteferenw Circle 


jlLi^ll SjjIj 


Inteneir.y 


Ijtf 


Vibration Cycle 


j^'W 


Kay 


{Ui 


Oscillation 


^i^j 


[nfiWJtmd 


XH ■'■--' OU 


Resonance 


j*j 


Ultrasound 


j*w jji *_>j 


Overdamped 


( j,uiJjl ) ^tUll illj 


Belts 




Wave Speed 


3^>jj1 IpjJI ( *jfcjjl ip^* 


Uoppfef Effect 


jiyj ij#Lfc 


Amplitude 


U(^ 


Hunmnic Number 


^ J ^ 


Elastic Potential Energy 


Eyll i<JtJ> olt 


Mach Number 


>iUI j>Jl 


Phase 


J^ 


Path Difference 


JUI J> 


Wavelength 


^|ll J^iJI i Ujll Jjb 


Inverse Square Uw 


^j-iaJI »iiji]| [yJli 


Mode 


( ii>ji ) jj«! 


Threshold ufPtiiu 


(Ati^H 


Wave Crest 


j^jll W ( *&y **i 
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V 







sJJl DbJkjJ^li 




Series Connection 




jljaJlJcj^ 


Threshold of Hearing 


.U_ ^JJtll 


ji* jjUJI J*mJ! 




Loudspeaker 


[mj*J*)M* 


Electric Current, 




^tj^i 


Intensity Level 


ij-ijl $&* 


Resistor 




19* 


Sound Level 


ijjJ' Sy-** 


Ohm's Law 




fV ^ 


Point Source 


jiiii jJJH 


Resistivity 




k*$& 


Ultrflsnnif; Wavea 


'^A»-J jlj oL>u 


Kirchhuff a Junction Ruk: 


u 


■ji!!jj£ iLijJl ii^li 


ijhoek Wave 


i^ili iSfy 


Circuit Analysis 




IjRjII J^U; 


Sound Wave 


UJ U i-f*i 


Kirch bnffs I.mpRule 


i-i^iujiii ijj/di ijj-i 


Sylierkul Wove 


*a£<*# 


Super conduction 




jiiiii j^ ji 


Cunical Wave 


*-%J**i*r> 








Plane Wave 


4jjIuj iiu 


jM& %ullu\ ( 


^\ 




Tone 


WJ 


Magnetic Field 




j_«tUUlJL>*ll 


Overtone 


*^>'y i+ii 


Right-Band Kulf 




j^ll jjl Jjtfli 


Sound Quality 


Oujl ^v 


Cyclotron 
Hal) Effect 






jfc jjjLJI J^JLII 


Solenoid 




jjy^L 


Charging By Induction 


( jJ'UJL ) i*Jb ,>ill 


Ampere's Law 




J*"'^ 


Charging Ry Conduction 


J,^yJby*JI 


Magnetic MomenL 




^LAll f jJI 


Grounded 


( jij% JriWi } y^p 


fialvanometer 




^liLf 


Law of Conservation of Charge 


4lxAJl »tLf j^'J 


Ammeter 




jW 


Coulomb's Law 


f||j* ty$ 


Voltmeter 




^J* 


Quantum 


{,H jl > fS 


Domain 




jlii 


Test Charge 


jLu>i Ujm; 


Electromagnet 




ytJiSfJ^ilL 


Electric Meld Strength 


^^« JL*JI fed 


Relative Magnetic t'ermflability 


■Ua-v ^uLLki) 4j-liJ[ 


Lines of Electric Field 


jjjffli Jb?JiLjki- 


Curie Temperature 


t 


jjjj » ;jlj> <>jj 


Electric Flux 

("i ansa's Law 




ja^vJl J^mJI 




Electrostatic Condition 


^ll^j+Slltf^l 


JrYimary Cflil 




^SljSflfl Jill 






Secondary Coil 




jy^i Jill 


ji& *jLJt 


J*fl 


Induced Emf 




9l*2j| J j j 


Electric Potential 


^1 J**J' 


Magnetic Flux 


iT"^ 


Ail.l { .jijjJi ) >uill 


Volt 


^li^JI 


Faraday's Law 




jiJljlJ &jili 


Voltage Difference-Voltage 


i^kl^ilL j+*fl jji 


Magnetic Induction 




j-jJsliAll il^JI 


Equipntential Line 


J^JtJI JtLd Jl» 


Lenz's Law 




jll iiyt) 


Electromotive Force (E.M.F) 


(^.jj^lfllUUlljSi 


Muluul Inductance 




xJjLill ttbJI 


Absolute Potential 


jlUii4*ll 


Self Inductance 




ijji^i awi 


Capacitor 


Jlill 


Inductive Time Constant 




j^i #$ «*ttli 


Capacitance 


**J| 


Allem&ting Voltage Generator 




JJjlil i+^Jl jJu 


Dielectrics 


%mi0l ( ^jWi ) Jj&Ji 


Electric Motor 




sl^J** 


Dipule 


v^l^ 


'iVanflfflrmnr 




J^ 


Dielectric Constant 
Parallel Connection 
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.<L«JUJ> jL>ukall 4jjLJ 




Oj>Jlj yljJI JrfUl 


ujjiuul! jjWI J*ill 


Huvgcna Principle 


y*M lJ+» 


Exponential Decay Curve 


jfy J**^l jW* 


Iaterfer*Me 


JUdtl 


Capaeitive Time Constant 


jj^JI j$ o^\ 


Constructive Interference 


A$l jiiiji 


CapariLive Reactance 


UjaJI jjjl 


Destructive Interference 


^ jiifiii 


Inductive Reartanie 


J>&*/ 


Fringes 


tttflM 


Impedance 


ujUll 


Double Slit 


i*P> ^ 


Resonance Frequency 


U4*j" Mj> 


Interferometer 

Equivalent Oplical PuLli LengLh 




ljjjAaJIj ^JliJI 


J4I 


Thin Films 


tl^l i^l 


Electromagnetic Waves 


4j-*juUyuj hfil' OU_-ul 


Diffraction Grating 


J H' Jlr" 


Electromagnetic Wave Spectrum 




Spectral Lines 


UjUI Jjiki 


J j ikUttioHl ^L^J! lJJ» 


Grating Spectrometer 


jjjaj jj oLjJm 


Microwave* ( 


jJLjjJl ) 'LjJjjiJl >^l>-j|il 


PultuizaLiuii 
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